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ASSESSMENT OF THE USE IN COLOMBIA OF THE SUPERCRITICAL CO2 TECHNOLOGY
UNDP REPORT
Executive Summary

This project was developed as response to the Decision 55/43 of the Multilateral Fund Executive
Committee and is part of a limited group of projects with the objective to assess new technology
options that use non-ODP low GWP blowing agents; this project was specifically approved by
Decision 60/29 in April 2010.
In the context of Decision XIX/6 there is a concern on the availability in Article 5 parties of
validated cost effective and environmental sound technologies to phase-out HCFC-141b. This is
particularly critical for the application of polyurethane (PU) spray rigid foam where most of the end
users are small enterprises with a poor control of the operation and safety discipline. Several work
orders are done in-doors with limited ventilation.
The proven technical options to replace HCFC-141b as blowing agent for PU spray foam are
mainly limited to high GWP HFCs, HFC-245fa or HFC-365mfc/HFC-227ea blend, which have
GWP values of 1030 and 964 respectively. Recent publications show promissory results with the
new unsaturated HFC/HCFC blowing agents, commonly known as HFOs, that exhibit GWP values
lower than 10, but the commercial availability is uncertain for the time of the conversion. The
barrier for hydrocarbon technology in this application is safety during foaming because of their
flammability.
The present project was designed to evaluate in an article 5 party such as Colombia the performance
of super-critical CO2, a proven technology applied in Japan for PU spray foam since 2004. A local
commercialised HCFC-141b based formation was used as standard. Espumlatex, the largest
Colombian 100% owned PU system house, served as local technical host to coordinate the
demonstration, foam application and testing activities. The experimental protocol included two
statistical full factorial designs, one 2x2x3 for polyurethane foam (PUR) and other 2x2 for
polyisocyanurate (PIR). The qualitative factors (independent variables) were the technology (supercritical CO2 versus HCFC-141b), the foaming location (Barranquilla at sea level versus Bogota at
2600 m over sea level) and foam density. To check processability field in-door applications were
done in industrial warehouses in Barranquilla and Bogota and to determine the physical properties
test foam sprayed samples were prepared and analysed following ASTM and JIS methods in
Achilles and Espumlatex laboratories. In addition few samples (PIR and PUR) were made for E-84
fire performance testing at QAI laboratories in the United States.
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The following conclusions can be pointed out:
• Supercritical CO2 technology is a non-flammable, 0 ODP and low GWP technology. Compared
to HCFC-141b based technology it does not create any incremental industrial hygiene and
safety hazard.
• Supercritical CO2 is a proven commercialised technology for spray foam that has been used in
Japan since 2004.
• In Colombia, a developing country with tropical weather and various levels of altitude over sea
level, Supercritical CO2 showed a similar processability to the standard HCFC-141b based
system currently used. Polyol and isocyanate components of both technologies were stable
during the six months of project duration.
• In terms of physical properties of PUR foam, compared to HCFC-141b based formulations
Supercritical CO2 showed:
 Higher thermal conductivity but better aging. The difference in lambda value between the
two technologies decreased with time.
 Similar aging behaviour in compressive strength. Values kept stable with time (initial
versus six months)
 Similar dimensional stability performance at -20 ºC. All values for both technologies were
below 0.6%.
 Improved dimensional stability at 60 ºC and 96% RH.
 Similar adhesion strength to galvanised steel.
• In terms of physical properties of PIR foam, compared to HCFC-141b based formulations
Supercritical CO2 showed the same performance pattern than PUR:
 Higher thermal conductivity but better aging. The difference in lambda value between the
two technologies decreased with time.
 Similar aging behaviour in compressive strength. Values kept stable with time (initial
versus six months)
 Similar dimensional stability performance at -20 ºC. All values for both technologies were
below 0.6%.
 Similar dimensional stability at 60 ºC and 96% RH in absolute values. However, the
behaviour was totally different: meanwhile Supercritical CO2 experienced a negative
change in volume the HCFC-141b formulation had a positive one.
 Lower adhesion strength to galvanised steel.
• According to fire performance test ASTM E84-12c, run on just one sample per formulation, the
PIR and PUR foams based on Supercritical CO2 would be classified as A and B respectively
(NFPA).
• The cost of the required retrofit of a typical spray machine to apply the Supercritical CO2 is in
the range from 9,800 to 13,700 US dollars for PUR foam and from 11,800 to 15,700 US dollars
for PIR foam.
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•

•

Supercritical CO2 technology is based on proprietary polyol and isocyanate formulations
developed by Achilles. The FOB price in Japan of the Supercritical CO2 system by kg is 7
dollars.
Supercritical CO2 technology is a patented technology owned by Achilles Corporation. The
interested parties should come to an agreement with Achilles on technology fees.

It is worth noting that Decision 60/29 stated that “…The demonstration would be carried out in
cooperation with a local systems house and included foaming equipment designed for use with the
technology, an evaluation of relevant foam properties, a performance/cost analysis, and
dissemination of the technology to systems houses in Colombia and other Latin American
countries…”, as can be seen in this report, the demonstration project covered and fulfilled the
different aspects specified in the decision.
While the demonstration project in on large Latin American country was successful, the application
of the Supercritical CO2 technology should be carefully evaluated in context of the local situation
prevailing in each country. The report by no means concluded that the technology was sufficiently
consolidated to be applied in all countries, and did not address issues of availability and cost in the
field. Finally, interested parties must take into consideration the proprietary issues related to the
technology.
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1. INTRODUCTION
In the context of Decision XIX/6 there is a concern on the availability in Article 5 parties of
validated cost effective and environmental sound technologies to phase-out HCFC-141b in the
different foam applications.
This project was developed as response to the Decision 55/43 of the Multilateral Fund Executive
Committee and is part of a limited group of projects with the objective to assess new technology
options that use non-ODP low GWP blowing agents. UNDP has prepared six demonstrations
projects covering a wide spectrum of foam applications on methyl formate, methylal, pre-blended
hydrocarbons and HFO-1234ze for XPS. They are already completed or are being implemented.
The present project was designed to evaluate in developing countries the performance of supercritical CO2, a relatively new technology currently used in Japan for polyurethane (PU) spray rigid
foam.
PU spray rigid foams are closed-celled, air tight, resistant to mildew and fungal attack, provide no
food value to rodents and have good vapour barrier properties (Randall & Lee, 2002). They find
utility as an
applied insulation in applications where irregular shapes or the need for a
monolithic layer of foam exists. These applications include building envelope, pipe insulation, tank
insulation, rail cars, residential roofing and floors (Gum, 1992). Spray foam is now finding
increasing use in retrofitting/refurbishing roofs, walls, floors and windows of existing buildings as
well as in new constructions such us commercial offices, industrial factories and warehouses,
agricultural pig and chicken farms (Randall & Lee, 2002). In the 2008 Progress Report the Foams
Technical Options Committee (FTOC) states: “
”.
in situ

PU Spray Foam is being increasingly recognized as

an efficient means of retrofitting a number of building types

For developing countries, the proven technical options to replace HCFC-141b as blowing agent for
PU spray foam are mainly limited to high GWP HFCs, HFC-245fa or HFC-365mfc/HFC-227ea
blend, which have GWP values of 1030 and 964 respectively (100yr ITH, IPCC 4 Assessment
Report 2008). Recent publications show promissory results with the new unsaturated HFC/HCFC
th

blowing agents, commonly known as HFOs, that exhibit GWP values lower than 10, but the
commercial availability is uncertain for the time of the conversion (Bodgan, 2011; Costa, 2011).
The barrier for hydrocarbon technology in this application is safety during foaming because of their
flammability. This issue is particularly critical for this sector where most of the enterprises are small
in size with a poor control of the operation and safety discipline. Several work orders are done indoors with limited ventilation.

One alternative that has been sporadically applied is the use as sole blowing agent of CO2 generated
from the water-isocyanate reaction (all water blown foam). It is a non-flammable and low GWP
technology that does not require significant modifications in the machinery. However, despite of
some success, three major drawbacks are generally associated with this approach: poor dimensional
stability, caused by the high CO2 permeability through the polyurethane matrix; poor adhesion to
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the different substrates due to the significant polyurea content of the polymer and relatively high
thermal conductivity.

In 2004, in an effort to overcome some of the weaknesses of water blown foam, Achilles
Corporation, a Japanese company, patented a spray technology based on the direct injection of CO2
to a PU all water blown system (Japanese Patent JP2004107376). It was reported that with a minor
modification to a conventional spray machine (Gusmer FF type with a 1:1 mixing ratio by volume)
and by adding 1.5% of liquid CO2, isotropic cells were obtained which lead to dimensional stable
foams at the density comparable to HCFC-141b blown foams (Ohnuma & Mori, 2003, figure 2).
Figure 1 shows how the modified equipment looks like. Liquid CO2 cooled to 0 °C with a heat
exchanger is supplied to the Gusmer auxiliary pump which is remodelled so that brine might
circulate internally and injected to the polyol component.

Figure 1. Modified spray machine
for Supercritical CO2

Figure 2. Spray foam with 0% liquid CO2 versus spray foam with 1.5% liquid CO2
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The FTOC registered this development and in its 2008 progress report wrote: “

Super-critical CO2

spray foam technologies have become established in Japan but market penetration is no more than

”.

10%. The technology is yet to make any significant market penetration beyond Japan

2. PROJECT OBJECTIVES AND IMPLEMENTATION
According to the document submitted and approved in the 60 meeting of the Executive Committee
of the Multilateral Fund held in Montreal in April 2010, the project objectives are:
1. Make a technical and economic assessment of the use in an Article 5 party (Colombia) of the
super-critical CO technology for the application of PU spray rigid foam. Local commercial
th

2

formulation based on HCFC-141b served as standard.

2. Disseminate the technology to interested system houses in Colombia and other Latin American
countries.
Espumlatex, the largest Colombian 100% owned PU system house, served as local technical host to
coordinate the demonstration, foam application and testing activities.
The start-up of the project took place the week of July 25, 2012. The implementation was done in a
team effort among Achilles Corp., Espumlatex, the National Ozone Unit (UTO) and UNDP. The
following activities were carried out:
Activity
Project Kick-off. Definition of evaluation plan and experimental
protocol.
Shipment of injection equipment modified to use the
Supercritical CO technology. Shipment of Achilles PU
materials, nationalization and in-land transportation.
Application of Supercritical CO and HCFC-141b based systems.
Preparation of foam samples to test physical properties
Evaluation of foam physical properties (Espumlatex, Achilles,
QAI laboratories)
Preparation of Final Report
Presentation of the final results and conclusions in an
international seminar
2

2

Date
June 25 - 29, 2012
July 13 September 30
October 1 - 7
October 15, 2013 March 31, 2013
May, 2013
June, 2013

3. EXPERIMENTAL
3.1 Experimental Design

When a specific process or experiment is repeated under what are, as nearly as possible, the same
conditions, the observed results are never identical (Box & Hunter & Hunter, 1978). This statement
is particularly true in the field of PU foam. This fluctuation that occurs from one repetition to
another is called
and refers to variations that are unavoidable such as human
errors of measurement, analysis and sampling. The no consideration of experimental error can lead
to false conclusions about the
effect of a specific independent variable. In the line of these
experimental error

real
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thoughts and having in mind that usually is most efficient to estimate the effects of several variables
simultaneously, it was decided to apply for this project the technique of statistical design of
experiments, commonly known as DOE.
Two full factorial designs were conducted, one 2x2x3 for polyurethane foam (PUR) and other 2x2
for polyisocyanurate (PIR). The qualitative factors (independent variables) and levels are described
in tables 1 and 2.
replicates were made in all points of the design to have the best estimate
of the error variance across the experimental region.
Genuine

Table 1. Experimental Design for PUR
Factors (independent variables)
Levels

Supercritical CO
HCFC-141b, High Water
HCFC-141b, Low Water
Barranquilla: sea level, high ambient temperature (30
ºC), high relative humidity (80%)
Bogotá: 2,600 m over sea level, low ambient temperature
(20 ºC), moderate relative humidity (60%)
High
Low
2

Technology
Location
Foam Density

Table 2. Experimental Design for PIR
Factors (independent variables)
Levels

Supercritical CO
HCFC-141b
Barranquilla: sea level, high ambient temperature (30
ºC), high relative humidity (80%)
Bogotá: 2,600 m over sea level, low ambient temperature
(20 ºC), moderate relative humidity (60%)

Technology

2

Location
3.2. Formulations

For Supercritical CO2 technology three Achilles proprietary water blown formulations were used:
- PUR formulation, 30 kg/m density, designed for walls in Japan. It was applied in Bogota and
Barranquilla. For the experimental design it was denominated as “Supercritical CO , PUR, Low
Density (LD)”.
- PUR formulation, 40 kg/m density, designed for roofing. It was applied in Bogota and
Barranquilla. For the experimental design it was denominated as “Supercritical CO , PUR, High
Density (HD)”.
- PIR formulation, 30 kg/m density, designed for walls in Japan. It was applied in Bogota and
Barranquilla. Because of the high altitude over sea level for the application in Bogotá a reduced
amount of water was added in the machine, directly to the polyol component. For the
experimental design it was denominated as “Supercritical CO , PIR”.
3

2

3

2

3

2
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For 141b based technology five Espumlatex proprietary formulations, four for PUR and one for
PIR, were used:
- PUR formulation, high water content, low density. It was applied in Bogota and Barranquilla.
For the experimental design it was denominated as “HCFC-141b, PUR, High Water (HW), Low
Density (LD)”.
- PUR formulation, high water content, high density. It was applied in Bogota and Barranquilla.
For the experimental design it was denominated as “HCFC-141b, PUR, High Water (HW), High
Density (HD)”.
- PUR formulation, low water content, low density. It was applied in Bogota and Barranquilla. For
the experimental design it was denominated as “HCFC-141b, PUR, Low Water (LW), Low
Density (LD)”. This is the commercial formulation sold by Espumlatex in the local market.
- PUR formulation, low water content, high density. It was applied in Bogota and Barranquilla.
For the experimental design it was denominated as “HCFC-141b, PUR, High Water (HW), High
Density (HD)”. This is the commercial formulation sold by Espumlatex in the local market.
- PIR formulation. It was applied in Bogota and Barranquilla. For the experimental design it was
denominated as “HCFC-141b, PIR”.
The table 3 summarizes the blowing agent characteristics of the HCFC-141b based formulations for
PUR:
Table 3. Blowing agent characteristics of HCFC-141b formulations for PUR

CO moles /kg of polymer
HCFC-141b moles /kg of polymer
Total gas moles/kg of polymer
Initial mole fraction, CO
Initial mole fraction HCFC-141b
2

2

LW-LD
0.23
0.94
1.17
0.19
0.81

LW-HD
0.21
0.84
1.05
0.20
0.8

HW-LD
0.66
0.38
1.04
0.64
0.36

HW-HD
0.58
0.38
0.96
0.61
0.39

3.3. Spray application conditions

Field in-door applications of both systems, Supercritical CO and HCFC-141b, were done in
industrial warehouses in Barranquilla and Bogota.
2

Both materials were easy to process and no

particular issues were observed.

For physical test samples the foam was sprayed to a thickness of 5 mm in one primer and three
passes applied in crossed directions (dead time between passes: 1 minute) on 1.50 m x 0.80 m
pieces of plywood. Additional samples were sprayed on 2.50 m long pieces for E-84 testing. The
Table 4 shows the spray conditions.
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Table 4. Spray conditions

Supercritical CO
HCFC-141b
Barranquilla
Bogota
Barranquilla
Bogota
NF-12J Proportioning unit
Graco E-10
GAP Pro (round pattern)
Fusion AP
1.0 for PUR, 1.75 for PIR
Non applicable
31
19 - 20
31
19 - 20
62 - 89
62 - 69
62 - 67
52 - 62
31
19 - 20
32
20 - 22
45
45
50
50
45
45
49
49
Off
45
Off
Off
45
45
15
15
40 (PUR)
40 (PUR)
40
40
45 (PIR)
45 (PIR)
1,000
1,600
750
1,400
6/10 (PUR) 10/15 (PUR) 2/7 sec (PUR) 4/12 sec (PUR)
2/5 (PIR)
3/7 (PIR)
2/5 sec (PIR) 2/7 sec (PIR)
2

Spray machine
Spray gun
Percentage by weight of
CO , %
Ambient Temperature, ºC
Relative Humidity, %
Substrate Temperature, ºC
Iso Temperature, ºC
Polyol Temperature, ºC
Primary Heater
Hose length, m
2

Hose Temperature, ºC
Static Pressure, psi
Dynamic Pressure, psi
Tack Free Time, /Rise Time,
(s/s)
3.4. Test Methods

Table 5 lists the different test methods to determine the foam physical properties
Property

Reactivity
Foam core density
Thermal Conductivity
Compression strength
Adhesion strength
Water vapour permeability
Water absorption
Closed cell content
Dimensional stability
Aging
Thermal Conductivity
Compressive strength
Fire Performance

Table 5. Test Methods
Test

Testing Laboratory

Visual
ASTM D-1622
ASTM C-518
ASTM D-1621
ASTM D-1623
JIS A-9526
JIS A-9511
ASTM D-2856
ASTM D-2126

In-situ during application
Espumlatex
Espumlatex
Espumlatex
Espumlatex
Achilles
Achilles
Achilles
Espumlatex

ASTM C-518
ASTM D-1621
ASTM E-84, 12c

Espumlatex
Espumlatex
QAI Laboratories
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4. RESULTS
During the six months of the duration of the project the polyol side formulations of both
technologies, Supercritical CO and HCFC-141b based, were stable and no component separation
was observed. The table 6 and 7 show the physical properties of the PUR and PIR foams. They
correspond to the experimental designs described in tables 1 and 2.
2

Table 6. Physical Properties of PUR foam

Property
Core Density, kg/m3
Thermal Conductivity,
24ºC, 24 hours, mw/mK
Thermal Conductivity,
24ºC, 2 weeks at 20 ºC
and 50% RH, mw/mK
Thermal Conductivity,
24ºC, 4 weeks at 20 ºC
and 50% RH, mw/mK
Compressive Strength,
parallel to rise, kPa
Compressive Strength,
parallel to rise, 6
months, kPa
Dimensional Stability, 20 ºC, 24 hours, Vol. %
One week, %
Two weeks, %
Dimensional Stability,
60 ºC, 95% RH, 24
hours, Vol. %
One week, %
Two weeks, %
Dimensional Stability,
70 ºC, Ambient RH, 24
hours, Vol. %
One week, %
Two weeks, %
Closed Cell Content, %

Supercritical CO2
Barranquilla
Bogota
HD
LD
HD
LD
46.5
35.3
38.0
28.5
44.1
41.1
33.9
33.6
34.23
33.95
34.09
34.02
34.11
33.94
34.07
33.99
34.19
34.04
34.30
34.05

HCFC-141b, Low Water
Barranquilla
Bogota
HD
LD
HD
LD
43.6
37.8
36.0
31.0
44.2
40.5
39.3
31.1
23.97
24.84
24.47
23.79
24.23
24.24
24.11
24.34
24.68
25.82
25.40
24.88

HCFC-141b, High Water
Barranquilla
Bogota
HD
LD
HD
LD
45.0
48.3
41.2
34.6
45.1
47.3
43.9
36.5
25.99
28.84
28.47
28.37
27.32
29.01
29.78
28.56
29.81
29.84
29.89
29.58

34.06

33.88

34.19

34.01

24.83

25.18

25.11

24.92

29.05

30.04

30.36

29.57

34.22

34.28

34.19

34.19

25.35

26.05

25.80

25.37

30.19

30.16

30.15

29.33

34.07

34.04

34.03

34.03

25.42

25.61

25.76

25.56

29.68

30.35

30.70

30.36

179.98
206.32
213.41

191.00
211.05
189.79

158.20
160.27
151.61

134.78
153.08
123.83

313.37
330.79
326.28

254.48
268.94
251.45

248.76
275.35
248.95

206.24
189.37
204.36

350.60
343.67
325.64

302.43
306.85
289.19

265.25
249.03
289.50

174.29
202.20
195.61

233.68

245.68

154.51

136.54

339.74

299.32

269.66

171.86

339.34

305.15

264.46

235.16

0.026
-0.150
-0.145
-0.531
-0.139
-0.433
3.114

-0.414
0.094
-0.568
-0.198
-0.262
0.069
1.056

-0.126
-0.115
-0.023
0.014
-0.132
-0.039
10.449

-0.304
-0.121
-0.389
-0.329
-0.563
-0.056
3.231

0.021
0.082
-0.045
-0.224
0.045
0.165
1.903

-0.003
0.045
-0.003
-0.069
-0.138
0.032
2.933

-0.141
-0.242
-0.221
-0.040
-0.332
-0.242
2.939

-0.269
0.055
-0.378
-0.243
-0.024
-0.433
2.882

0.032
-0.139
0.092
-0.004
0.105
0.022
0.284

-0.056
-0.067
-0.189
-0.173
0.074
0.036
1.679

-0.010
-0.023
0.065
0.075
-0.113
0.010
0.979

-0.071
-0.677
0.108
-0.146
-0.126
-0.267
1.813

1.731

2.030

8.103

3.132

1.542

2.514

2.501

2.817

0.445

1.795

2.112

1.796

0.572
-0.809
0.069
-1.314
-2.670

0.584
0.783
0.430
0.545
0.315

6.066
4.803
5.271
4.261
3.724

1.009
0.745
0.412
0.515
0.189

2.456
1.987
2.521
2.156
-0.114

3.534
3.302
3.789
3.585
0.780

3.153
2.922
3.347
3.094
-0.664

3.201
3.178
3.382
3.302
0.453

0.510
0.482
0.743
0.878
-0.962

1.660
2.100
1.821
2.037
-0.822

0.791
1.594
0.814
1.720
-1.551

1.867
1.496
1.727
1.328
-1.101

-0.768

-0.080

1.116

0.595

-0.103

-0.233

0.407

0.139

-0.883

-0.399

-0.544

-1.147

-3.084
-1.387
-3.893
-1.726
64.30
72.30
0.80
0.75
3.44
3.92
14.33

-0.240
-0.831
-0.473
-0.399
64.00
73.90
1.12
0.93
6.06
3.82
20.56

2.972
0.639
2.883
0.630
83.50
80.10
1.17
1.02
4.57
5.62
7.83

-0.438
-0.058
-0.451
-0.244
71.10
82.00
1.53
1.31
5.89
4.00
14.99

-0.043
0.044
0.098
0.212
75.80
69.90
0.77
0.84
3.88
3.59
11.14

0.886
-0.090
1.073
-0.043
81.50
78.10
1.01
0.88
4.61
4.01
4.31

-0.672
0.485
-0.432
0.641
92.30
91.80
0.58
0.56
3.72
3.65
11.36

0.961
0.036
1.293
0.662
91.60
90.50
0.42
0.50
4.14
3.57
8.46

-0.709
-0.684
-0.627
-0.591
78.40
74.10
0.76
0.73
4.43
4.33
12.34

-0.510
-0.638
-0.808
-0.023
81.80
86.60
0.84
0.92
4.46
4.62
20.59

-1.400
-0.274
-1.002
0.058
89.10
90.40
0.56
0.57
4.41
4.14
6.63

-0.842
-0.931
-0.381
-0.470
90.10
90.30
0.81
0.63
4.97
4.74
15.47

7.94

15.24

4.70

1.66

31.35

8.02

15.91

6.66

27.99

15.59

Water absorption, g/100
cm2
Water Vapour
Permeability, ng/Pa.s.m
Adhesion Strength to
metal (galvanized
13.96
15.33
steel), N/cm2
HD: High Density. LD: Low Density
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Table 7. Physical Properties of PIR foam
Property
Core Density, kg/m3
Thermal Conductivity, 24ºC, 24
hours, mw/mK
Thermal Conductivity, 24ºC, two
weeks at 20 ºC and 50% RH,
mw/mK
Compressive Strength, parallel to
rise, kPa
Compressive Strength, parallel to
rise, 6 months, kPa
Dimensional Stability, -20 ºC, 24
hours, Vol. %
One week, %
Two weeks, %
Dimensional Stability, 60 ºC, 95%
RH, 24 hours, Vol. %
One week, %
Two weeks, %
Dimensional Stability, 70 ºC,
Ambient RH, 24 hours, Vol. %
One week, %
Two weeks, %
Closed Cell Content, %
Water absorption, g/100 cm2
Water Vapour Permeability,
ng/Pa.s.m
Adhesion Strength to metal
(galvanized steel), N/cm2

Supercritical CO2
Barranquilla
Bogota
40.8
37.0
35.7
37.8
34.42
34.02
34.27
34.11
34.66
34.33

HCFC-141b
Barranquilla
43.0
44.4
28.39
27.92
30.05

Bogota
32.3
32.4
20.70
20.82
22.48

33.76

34.27

28.23

22.22

141.18
119.38
119.15
129.40
0.258
0.148
0.018
-0.194
0.299
0.572
-1.695
-1.920
-3.197
-3.851
-3.731
-4.371
-0.877
-1.515
-2.929
-4.108
-3.768
-3.793
19.60
42.20
1.67
1.59
8.63
8.38
7.58
8.71

126.32
144.49
139.77
130.58
0.598
0.013
-0.228
-0.044
-0.449
-0.023
-2.121
-2.768
-3.798
-4.904
-4.180
-5.502
-0.292
0.033
-1.618
-1.042
-2.168
-1.554
39.60
53.10
1.70
1.54
5.88
6.27
6.57
9.34

225.37
235.59
221.62
209.99
0.117
0.156
-0.023
0.072
-0.018
0.067
4.355
5.904
3.721
4.986
3.107
4.406
-0.484
-0.387
0.212
-0.767
-0.053
-1.073
88.50
89.30
1.94
1.89
8.58
8.62
16.97
16.30

132.89
134.43
140.29
142.68
-0.041
-0.229
-0.120
-0.178
0.030
-0.006
3.347
2.565
4.865
4.211
5.944
5.537
-0.371
-0.316
-0.086
-0.226
-0.030
-0.067
86.50
84.50
3.13
3.26
6.34
6.59
11.23
6.89
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The table 8 shows the results of the fire performance test, ASTM E-84, run on four foam samples:
Supercritical CO , PUR and PIR, and HCFC-141b, PUR -low water content- and PIR.
2

Table 8. Fire Performance Test, ASTM E84-12c

Technology
Flame Spread Smoke Developed NFPA Class
PUR
70
331
B
Supercritical CO
PIR
20
286
A
PUR, low water
390
100*
C
HCFC-141b
PIR
25
200
A
2

Due to heat production and lack of air flow through the chamber, the test was terminated at 1 minute, 42 seconds.
Had the test continued for the normal 10 minute period, the flame spread value would have remained unchanged. The
smoke number is the smoke value at time of termination.

*

5. ANALYSIS OF RESULTS
To assess the statistical significance of the effect of the different factors on the foam properties an
analysis of variance (ANOVA) was developed for each property. In this section the ANOVA of few
selected foam properties, critical for the thermal insulation performance, such as initial thermal
conductivity (lambda value) and aging of lambda value, will be shown for PUR and PIR. The
analysis of core density, dimensional stability, compressive strength, aging of compressive strength
and adhesion to galvanised steel are described in the annex 1.
5.1. PUR foam
Analysis of initial thermal conductivity for PUR

The tables 9 and 10 show a summary of the results of the initial thermal conductivity (Lambda
value) and the corresponding ANOVA.
Table 9. Lambda Value, 24 ºC, 24 hours, mW/mK
Supercritical CO2
HCFC-141b, low water HCFC-141b, high water
AVERAGE
HD
LD
HD
LD
HD
LD
Barranquilla
34.17*
33.95
24.10
24.54
26.66
28.93
28.72
Bogotá
34.08
34.01
24.29
24.07
29.13
28.47
29.01
AVERAGE
34.05
24.25
28.29
AVERAGE
HD
28.74
LD
28.99
* All the values are the average of two genuine replicates (table 6).
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Table 10. A'OVA of Lambda value, 24 ºC, 24 hours
Factor

Degrees of
Freedom

Sum of
Squares

Mean Square

F

P*

Technology
2
388.174
194.087 1052.437 0.000 Significant
Density
1
0.388
0.388
2.1039 0.173
Location
1
0.479
0.479
2.5974 0.133
Tec*Dens
2
0.977
0.489
2.6489 0.112
Dens*Loc
1
1.978
1.978
10.7257 0.007 Significant
Tec*Loc
2
1.582
0.791
4.2892 0.039 Significant
Pure Error
12
2.213
0.184
* Probability of Type I error (rejecting the null hypothesis when it is in fact true). If P < 0.05 it is
considered that the effect of the factor is significant.

From table 9 it is concluded there is a statistical significant difference in the initial lambda value
among the three systems: Supercritical CO developed a thermal conductivity 20.3% higher than
high water-HCFC-141b and 40.4% higher than low water-HCFC-141b. As expected the low waterHCFC-141b provided a better (lower) value than high water-HCFC-141b because of the greater
initial mole fraction of HCFC-141b in the gas cell. No significant differences in Lambda between
the two locations and the high and low density formulations were observed.
2

Lambda value, aged 4 weeks at 20 ºC and 50% RH, 24 ºC

The tables 11 and 12 describe the results of Lambda value, aged four weeks at 20 ºC and 50% RH,
and the corresponding ANOVA.
Table 11. Lambda Value, 24 ºC, 4 weeks, mW/mK

Supercritical CO2
HD
LD
Barranquilla
34.14
34.16
Bogotá
34.11
34.11
AVERAGE
34.13
AVERAGE
HD
29.96
LD
29.94

HCFC-141b, low water HCFC-141b, high water
AVERAGE
HD
LD
HD
LD
25.38
25.83
29.93
30.25
29.95
25.78
25.47
30.43
29.85
29.96
25.61
30.11
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Table 12. A'OVA of Lambda value, 24 ºC, 4 weeks
Factor
Technology
Density
Location
Tec*Dens
Dens*Loc
Tec*Loc
Pure Error

Degrees of
Freedom

Sum of
Squares

Mean Square

F

P

2
1
1
2
1
2
12

290.529
0.002
0.000
0.041
0.469
0.007
1.010

145.265
0.002
0.000
0.021
0.469
0.004
0.084

1725.91
0.02
0.00
0.24
5.57
0.04

0.000
0.885
0.962
0.787
0.036
0.958

Significant

Significant

Results are similar to those of the initial lambda value (24 hours) but the difference among the three
PU systems became shorter: Supercritical CO provided a thermal conductivity 33.2% higher than
high water-HCFC-141b and 13.3% higher than low water-HCFC-141b.
2

Aging of Lambda, 4 weeks versus 24 hours

The variation percentage of the lambda value, four weeks versus 24 hours, was calculated and
analysed in a similar way than the other properties.
The tables 13 and 14 show a summary of the results and the corresponding ANOVA.
Table 13. Variation Percentage in Lambda Value, 4 weeks versus 24 hours, %

Supercritical CO2
HD
LD
Barranquilla
-0.08
0.64
Bogotá
0.09
0.32
AVERAGE
0.24
AVERAGE
HD
4.73
LD
3.58

HCFC-141b, low water HCFC-141b, high water
AVERAGE
HD
LD
HD
LD
5.33
5.26
12.39
4.59
4.69
6.13
5.83
4.50
4.84
3.62
5.64
6.58
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Table 14. A'OVA of variation percentage in lambda value
Factor

Degrees of
Freedom

Sum of
Squares

Mean Square

F

P

2
1
1
2
1
2
12

187.161
7.880
6.865
20.403
9.154
23.233
39.870

93.581
7.880
6.865
10.202
9.154
11.617
3.323

28.17
2.37
2.07
3.07
2.76
3.50

0.000
0.149
0.176
0.084
0.123
0.064

Technology
Density
Location
Tec*Dens
Dens*Loc
Tec*Loc
Pure Error

Significant

The Supercritical CO technology exhibited a statistically significant better performance than the
141b based systems: its variation percentage was in average 0.24% compared to 5.64% of low
water-HCFC-141b and 6.58% of high water-HCFC-141b.
2

These results are graphically shown in figures 1 and 2.

Figura 1. Lambda - PUR - Low Density
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Figure 2. Lambda - PUR - High Density
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5.2. PIR foam
Initial thermal conductivity for PIR

The tables 15 and 16 show the results of initial thermal conductivity (lambda) and the
corresponding ANOVA.
Table 15. Lambda Value, 24 ºC, 24 hours, mW/mK

Supercritical CO2
HCFC-141b
Barranquilla
34.35*
28.16
Bogotá
34.07
20.76
AVERAGE
34.21
24.46
* All the values are the average of two genuine replicates (table 7).

AVERAGE
31.25
27.41

Table 16. A'OVA of lambda value, 24 ºC, 24 hours
Factor
Technology
Location
Tec*Loc
Pure Error

Degrees of
Freedom

Sum of
Squares

Mean Square

F

P

1
1
1
4

190.060
29.440
25.323
0.136

190.060
29.440
25.323
0.034

5590.0
865.8
744.8

0.000
0.000
0.000

Significant
Significant
Significant
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From table 16 there is a statistical significant difference in the initial lambda value between the two
systems: on average Supercritical CO developed a thermal conductivity 39.9% higher than HCFC141b although the difference greatly varied with the location (significant interaction between
technology and location).
2

Thermal Conductivity (lambda), aged 4 weeks at 20 ºC and 50% RH, 24 ºC

The tables 17 and 18 describe the results of the thermal conductivity (lambda), aged four weeks at
20 ºC and 50% RH, and the corresponding ANOVA.
Table 17. Lambda Value, 24 ºC, 4 weeks, mW/mK

Barranquilla
Bogotá
AVERAGE

Supercritical CO2
34.06
33.59
33.82

HCFC-141b
29.51
23.41
26.46

AVERAGE
31.78
28.50

Table 18. A'OVA of lambda value, 24 ºC, 4 weeks
Factor
Technology
Location
Tec*Loc
Pure Error

Degrees of
Freedom

Sum of
Squares

Mean Square

F

P

1
1
1
4

108.511
21.550
15.839
0.748

108.511
21.550
15.839
0.187

580.27
115.24
84.70

0.000
0.000
0.001

Significant
Significant
Significant

Results were similar to those of the initial lambda value (24 hours) but the difference between the
two PU systems became shorter: Supercritical CO provided a thermal conductivity 27.8% higher
than HCFC-141b. It is important to note the significant interaction between the technology and
location, especially in the case of HCFC-141b that provided when sprayed in Barranquilla a lambda
26% higher than the formulation applied in Bogotá. Supercritical CO gave similar values for both
locations.
2

2

Aging of Lambda value, 4 weeks versus 24 hours

The variation percentage of the lambda value, 4 weeks versus 24 hours, was calculated and
analysed in a similar way than the other properties. The tables 19 and 20 show a summary of the
results and the corresponding ANOVA.
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Table 19. Variation Percentage in Lambda Value, 4 weeks
versus 24 hours

Supercritical CO2
-0.85%
-1.42%
-1.14%

Barranquilla
Bogotá
AVERAGE

HCFC-141b
4.56%
11.31%
7.93%

AVERAGE
1.85%
4.94%

Table 20. A'OVA of variation percentage in lambda value
Factor
Technology
Location
Tec*Loc
Pure Error

Degrees of
Freedom

Sum of
Squares

Mean Square

F

P

1
1
1
4

0.0164463
0.0019077
0.0026864
0.0003731

0.0164463
0.0019077
0.0026864
0.0000933

176.32
20.45
28.80

0.000
0.011
0.006

Significant
Significant
Significant

The Supercritical CO technology exhibited a statistically significant better performance than the
141b based system: the lambda values measured in 4 weeks were in average 1.14% lower that the
initials (24 hours) meanwhile the thermal conductivity of HCFC-14b based formulation increased
by 7.93%. This result is graphically observed in figure 3.
2

Figure 3. Lambda - PIR
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6. SAFETY & INDUSTRIAL HYGIENE
The Supercritical CO technology is based on PU all water blown systems. Compared to
conventional HCFC-141b based formulations they do not exhibit any incremental issue on safety
and industrial hygiene. Nevertheless, when not properly handled the PU chemicals can severely
affect the human health. Handling procedures and precautions stipulated by suppliers should be
followed. The Material Safety Data Sheets (MSDS) of the Achilles products for Supercritical CO
are provided in the Appendix.
2

2

7. INCREMENTAL COSTS OF THE SUPERCRITICAL CO TECHNOLOGY
2

7.1. Incremental Capital Costs

Several conventional spray machines can be retrofitted to work with Supercritical CO technology.
The critical features that they should have are:
Proportioning Pump: working pressure of 2,000 psi, piston stroke equal or higher than 3 inches.
Heated hose: longer than 45 meters (40 ºC for PUR, 45 ºC for PIR).
2

The table 21 lists some models of typical spray machines that are suitable for retrofit and the
associated cost.
Table 21. Example of suitable spray machines suitable to retrofit and associated
retrofitting cost

Model
Gusmer models: FF
1600(converted hydraulicallydriven), HF-1600
Gusmer models: H-2000, H20/35
Graco models: A-20, A25
Graco models: H-25

PUR
(US dollars)

PIR
(US dollars)

9,800

11,800

13,700
9,800
13,700

15,700
11,800
15,700

The Supercritical CO technology is a patented technology owned by Achilles Corporation. The
interested parties should come to an agreement with Achilles on technology fees.
2

7.2. Incremental Operating Costs

The Supercritical CO technology is based on proprietary polyol and isocyanate formulations
developed by Achilles. The FOB price in Japan for the PUR and PIR systems is 7.00 US dollars per
kg. The CIF price of a HCFC-141b based spray system for PUR in Colombia is in the range from
3.80 to 4.20 US dollars.
2
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8. CONCLUSIONS
•

•
•

Supercritical CO technology is a non-flammable, 0 ODP and low GWP technology. Compared
to HCFC-141b based technology it does not create any incremental industrial hygiene and
safety hazard.
Supercritical CO is a proven commercialised technology for spray foam that has been used in
Japan since 2004.
In Colombia, a developing country with tropical weather and various levels of altitude over sea
level, Supercritical CO showed a similar processability to the standard HCFC-141b spray
system currently used. Polyol and isocyanate components of both technologies were stable
during the six months of project duration.
In terms of physical properties of PUR foam, compared to HCFC-141b based formulations
Supercritical CO showed:
 Higher thermal conductivity but better aging. The difference in lambda value between the
two technologies decreased with time.
 Similar aging behaviour in compressive strength. Values kept stable with time (initial
versus six months)
 Similar dimensional stability performance at -20 ºC. All values for both technologies were
below 0.6%.
 Improved dimensional stability at 60 ºC and 96% RH.
 Similar adhesion strength to galvanised steel.
In terms of physical properties of PIR foam, compared to HCFC-141b based formulations
Supercritical CO showed the same performance pattern than PUR:
 Higher thermal conductivity but better aging. The difference in lambda value between the
two technologies decreased with time.
 Similar aging behaviour in compressive strength. Values kept stable with time (initial
versus six months)
 Similar dimensional stability performance at -20 ºC. All values for both technologies were
below 0.6%.
 Similar dimensional stability at 60 ºC and 96% RH in absolute values. However, the
behaviour was totally different: meanwhile Supercritical CO experienced a negative
change in volume the HCFC-141b formulation had a positive one.
 Lower adhesion strength to galvanised steel.
According to fire performance test ASTM E84-12c, run on just one sample per formulation, the
PIR and PUR foams based on Supercritical CO would be classified as A and B respectively
(NFPA).
The cost of the required retrofit of a typical spray machine to apply the Supercritical CO is in
the range from 9,800 to 13,700 US dollars for PUR foam and from 11,800 to 15,700 US dollars
for PIR foam.
2

2

2

•

2

•

2

2

•

2

•

2
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•

Supercritical CO technology is based on proprietary polyol and isocyanate formulations
developed by Achilles. The FOB price in Japan of the Supercritical CO system by kg is 7
dollars.
Supercritical CO technology is a patented technology owned by Achilles Corporation. The
interested parties should come to an agreement with Achilles on technology fees.
2

2

•

2
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A88EX 1. A8ALYSIS OF VARIA8CE OF THE FOAM PROPERTIES

In the section 5 of the report the ANOVA corresponding to the foam thermal conductivity and its
aging was presented. In this annex the ANOVA of the rest of the foam properties are shown for
PUR and PIR.
1. PUR
Foam Core Density

The tables A-1 and A-2 show a summary of the results of the foam core density (values taken from
table 6) and the corresponding ANOVA. As expected there are statistically significant differences in
density between the high and low density formulations (HD > LD), explained by the different
recipes, and between the two locations (Barranquilla > Bogota), explained by the different altitudes
over sea level. It is also observed that Supercritical CO and low water-HCFC-141b exhibit similar
core densities, but lower than high water-HCFC-141b.
2

Table A-1. Foam core density, kg/m3

Supercritical CO2
HCFC-141b, low water HCFC-141b, high water
AVERAGE
HD
LD
HD
LD
HD
LD
Barranquilla
45.3*
38.2
43.9
39.2
45.1
47.8
43.23
Bogotá
36.0
31.1
37.7
31.1
42.6
35.6
35.63
AVERAGE
37.63
37.94
42.74
AVERAGE
HD
41.73
LD
37.13
* All the values are the average of two genuine replicates

Table A-2. A'OVA of foam core density, PUR
Factor
Technology
Density
Location
Tec*Dens
Dens*Loc
Tec*Loc
Pure Error

Degrees of
Freedom

Sum of
Squares

Mean Square

F

P*

2
1
1
2
1
2
12

131.401
126.96
346.56
18.483
14.727
1.308
56.34

65.701
126.960
346.560
9.242
14.727
0.654
4.695

13.99
27.04
73.81
1.97
3.14
0.14

0.001
0.000
0.000
0.182
0.102
0.871

Significant
Significant
Significant
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The tables A-3 and A-4 show a similar summary and ANOVA than the tables A-1 and A-2 but only
comparing Supercritical CO and low water-HCFC-141b in an effort to check if there is a
significant difference in density between these two formulations.
2

Table A-3. Foam core density, kg/m3

Barranquilla
Bogotá
AVERAGE
HD
LD

Supercritical CO2
HD
LD
45.3
38.2
36.0
31.1
37.63
AVERAGE
40.70
34.86

HCFC-141b, low water
HD
LD
43.9
39.2
37.7
31.1
37.94

AVERAGE
41.64
33.93

Table A-4. A'OVA of foam core density, PUR
Factor
Technology
Density
Location
Tec*Dens
Dens*Loc
Tec*Loc
Pure Error

Degrees of
Freedom
1
1
1
1
1
1
8

Sum of
Squares
0.391
136.306
237.931
0.106
0.131
1.156
50.385

Mean Square

F

P

0.4
136.3
237.9
0.1
0.1
1.2
6.3

0.06
21.64
37.78
0.02
0.02
0.18

0.810
0.002
0.000
0.900
0.946
0.680

Significant
Significant

From table A-4 it is concluded that there is no evidence that there is a density difference between
the two PU systems: Supercritical CO and low water - HCFC-141b. Having in mind that some
foam properties depend on the density, particularly compressive strength and dimensional stability,
2

this result is important for a fair comparison.

Aging of Compressive Strength, 6 months versus 24 hours

Similar to the case of lambda (table 13), from the table 6 the variation percentage of compressive
strength, 6 months versus 24 hours, was calculated and analysed (Tables A-5 and A-6). From the
ANOVA there is no evidence of any difference in aging among the three PU systems.
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Table A-5. Variation Percentage in Compressive Strength, 6 months versus 24 hours

Supercritical CO2
HD
LD
Barranquilla
13.69
6.73
Bogotá
-4.03
-10.48
AVERAGE
1.48
AVERAGE
HD
2.43
LD
0.84

HCFC-141b, low water HCFC-141b, high water
AVERAGE
HD
LD
HD
LD
3.30
4.47
-4.47
-2.57
3.52
-1.02
-5.56
7.10
12.46
-0.25
0.30
3.13

Table A-6. A'OVA of variation percentage in compressive strength
Factor

Degrees of
Freedom

Sum of
Squares

Mean Square

F

P

2
1
1
2
1
2
12

0.324
0.151
0.857
1.068
0.005
9.810
2.692

0.162
0.151
0.857
0.534
0.005
4.905
0.224

0.72
0.67
3.82
2.38
0.02
21.86

0.506
0.428
0.074
0.135
0.883
0.000

Technology
Density
Location
Tec*Dens
Dens*Loc
Tec*Loc
Pure Error

Significant

Dimensional Stability

As observed in the table 6, the values of dimensional stability at low temperature (-20 ºC) were all
below 0.6%. For this reason it was decided to analyse the dimensional stability at 60 ºC and 95%
RH (tables A-7 and A-8).
Table A-7. Dimensional Stability at 60 ºC and 95% RH, two weeks, Vol. %

Supercritical CO2
HD
LD
Barranquilla
-0.622
0.488
Bogotá
4.766
0.463
AVERAGE
1.274
AVERAGE
HD
1.963
LD
1.906

HCFC-141b, low water HCFC-141b, high water
AVERAGE
HD
LD
HD
LD
2.338
3.687
0.811
1.929
1.438
3.220
3.342
1.267
1.527
2.431
3.147

1.383
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Table A-8. A'OVA of Dimensional Stability at 60 ºC and 95% RH, two weeks
Factor
Technology
Density
Location
Tec*Dens
Dens*Loc
Tec*Loc
Pure Error

Degrees of
Freedom

Sum of
Squares

Mean Square

F

P

2
1
1
2
1
2
12

17.6668
0.0204
5.8979
7.1311
9.3507
8.5984
2.1039

8.833
0.020
5.898
3.566
9.351
4.299
0.175

50.38
0.12
33.64
20.34
53.33
24.52

0.000
0.739
0.000
0.000
0.000
0.000

Significant
Significant
Significant
Significant
Significant

There is a statistically significant difference in dimensional stability among the three PU systems:
Supercritical CO provided the best performance (average 1.274 % in volume change) followed by
high water-HCFC-141b (3.147 %) and low water-HCFC-141b (1.383 %). The fact that the location
when the foam was raised gave a significant difference could be explained by the variation in
atmospheric pressure that is in equilibrium with the cell pressure during the foaming process
(Bogota: 560 mm Hg; Barranquilla: 760 mm Hg).
2

Adhesion to metal (galvanized steel)

The tables A-9 and A-10 show a summary of the results and the ANOVA for the adhesion strength
to galvanized steel. From the statistical analysis it is concluded that none of the factors has a
significant effect on adhesion. There is no evidence that there exits a difference among the
performance of the three PU systems in relation to adhesion.
Table A-9. Adhesion strength to metal, '/cm2

Supercritical CO2
HD
LD
Barranquilla
14.144
17.946
Bogotá
7.887
15.117
AVERAGE
13.773
AVERAGE
HD
13.790
LD
12.241

HCFC-141b, low water HCFC-141b, high water
AVERAGE
HD
LD
HD
LD
7.922
2.983
14.124
13.627
11.791
21.355
8.241
17.310
15.530
14.240
10.125
15.148
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Table A-10. A'OVA of Adhesion Strength to metal
Factor

Degrees of
Freedom

Sum of
Squares

Mean Square

F

P

2
1
1
2
1
2
12

107.79
14.41
35.98
212.00
6.06
192.93
569.58

53.90
14.41
35.98
106.00
6.06
96.47
47.47

1.14
0.30
0.76
2.23
0.13
2.03

0.353
0.592
0.401
0.150
0.727
0.174

Technology
Density
Location
Tec*Dens
Dens*Loc
Tec*Loc
Pure Error

2. PIR
Foam Core Density

The tables A-11 and A-12 show a summary of the results of the foam core density (values taken
from table 7) and the corresponding ANOVA.
Table A-11. Foam core density, kg/m3

Barranquilla
Bogotá
AVERAGE

Supercritical CO2
38.25
37.40
37.83

HCFC-141b
43.69
32.33
38.01

AVERAGE
40.97
34.87

Table A-12. A'OVA of foam core density
Factor
Technology
Location
Tec*Loc
Error

Degrees of
Freedom

Sum of
Squares

Mean Square

F

P

1
1
1
4

0.067
74.517
55.166
14.682

0.06700
74.51700
55.16600
3.67050

0.018
20.302
15.030

0.899
0.011
0.018

Significant
Significant

From the table A-12 there is no statistical evidence of a difference in density between the foam
samples of the two PU systems, Supercritical CO and HCFC-141b. The average values are quite
close, 37.83 versus 38.01 kg/m .
2

3
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Dimensional Stability

Similar to what happened with PUR foam, the values of dimensional stability (Vol. %) at low
temperature (-20 ºC) were all below 0.6%. For this reason it was decided to analyse the most critical
case: dimensional stability at 60 ºC and 95% RH (tables A-13 and A-14).
Table A-13. Dimensional Stability at 60 ºC and 95% RH, two
weeks, Vol. %
Barranquilla
Bogotá
AVERAGE

Supercritical CO2
-4.051%
-4.841%
-4.446%

HCFC-141b
3.756%
5.740%
4.748%

AVERAGE
-0.147%
0.450%

Table A-14. A'OVA of Dimensional Stability at 60 ºC and 95% RH, two weeks
Factor
Technology
Location
Tec*Loc
Pure Error

Degrees of
Freedom

Sum of
Squares

Mean Square

F

P

1
1
1
4

0.0169067
0.0000713
0.0003848
0.0002006

0.0169067
0.0000713
0.0003848
0.0000502

337.12
1.42
7.67

0.000
0.299
0.050

Significant
Significant

From the table A-14 there is a statistically significant difference in dimensional stability between
the two PU systems. The behaviour was totally different: meanwhile Supercritical CO experienced
a negative change in volume the HCFC-141b formulation had a positive one. Similar to PUR the
foams raised in Bogota experienced a greater volume change in absolute values that those
developed in Barranquilla.
2

Adhesion to metal (galvanized steel)

The tables A-15 and A-16 show a summary of the results and the ANOVA for the adhesion strength
to galvanized steel.
Table A-15. Adhesion strength to metal, '/cm2

Barranquilla
Bogotá
AVERAGE

Supercritical CO2
8.146
7.958
8.052

HCFC-141b
16.637
9.061
12.849

AVERAGE
12.392
8.509
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Table A-16. A'OVA of Adhesion Strength to metal
Factor
Technology
Location
Tec*Loc
Pure Error

Degrees of
Freedom

Sum of
Squares

Mean Square

F

P

1
1
1
4

46.032
30.143
27.293
14.084

46.032
30.143
27.293
3.521

13.07
8.56
7.75

0.022
0.043
0.050

Significant
Significant
Significant

The table A-16 shows that there is a significant difference in adhesion to galvanised steel between
the two PU systems: in average the HCFC-141b based formulation gave an adhesion strength
59.6% higher than Supercritical CO
2.

___________________________
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A88EX 2. Material Safety Data Sheets of Supercritical CO2 components

See PDF attachment.
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ACHILLES CORPORATION
MATERIAL SAFETY DATA SHEET (MSDS)
MSDS No.
1.

Chemical Name and
Company Information

May 31, 2012
Product Name
Company Name
Address
Dept. in charge
Telephone Number
Facsimile Number
Emergency Telephone

:
:
:
:
:
:
:

Achilles Airlon-R, Component I
(R-100)
Achilles Corporation
22 Daikyo-cho, Shinjuku-ku, Tokyo, Japan
Insulation Materials Sales
+81-3-5379-4574
+81-3-5379-4909
+81-284-73-9326

2. Hazard Identification
GHS Classification:
Physical Hazard:
- Explosives
Not applicable
- Flammable gases
Not applicable
- Flammable aerosols
Not applicable
- Oxidized gases
Not applicable
- Gases under pressure
Not applicable
- Flammable liquids
Not classified
- Flammable solids
Not applicable
- Self-reactive substance and mixture
Not applicable
- Pyrophoric liquids
Not classified
- Pyrophoric solids
Not applicable
- Self-heating substances and mixture
Classification not possible
- Substance and mixtures which, in contact with water, emit Not applicable
flammable gases
- Oxidizing liquids
Not applicable
- Oxidizing solids
Not applicable
- Organic peroxides
Not applicable
- Corrosion to metals
Not classified
Health Hazards:
- Acute toxicity (oral)
- Acute toxicity (dermal)
- Acute toxicity (gases)
- Acute toxicity (vapors)
- Acute toxicity (dust, mist)
- Skin corrosion/irritation
- Serious eye damage/eye irritation
- Respiratory sensitization
- Skin sensitization
- Germ cell mutagenicity
- Carcinogenicity
- Reproductive toxicity
- Specific target organ toxicity (single exposure)
- Specific target organ toxicity (repeated exposure)
- Aspiration hazard

Not classified
Not classified
Not applicable
Classification not possible
Category 4
Category 2
Category 2A
Category 1
Category 1
Not classified
Not classified
Not classified
Category 3 (airway irritation)
Classification not possible
Classification not possible

1

2. Hazard Identification (continued)
Environmental Hazards:
- Aquatic hazards (acute)
- Aquatic hazards (chronic)
Label elements:
Symbol:

Classification not possible
Classification not possible

Signal word: DANGER
Hazard Statement:
- Harmful if inhaled
- Causes skin irritation
- Causes serious eye irritation
- May cause allergy or asthmatic symptoms or breathing difficulties if inhaled
- May cause an allergic skin reaction
- May cause respiratory irritation
Cautionary statements:
[Safety measures]
- Carefully read the MSDS before handling the material.
- Do not drink/eat foods or smoke while using this material.
- Do not take in, inhale, or let eyes and skin touch the material. Wear appropriate protective equipment such
as protective glasses, gloves and masks while handling the material.
- Carefully wash hands after handling.
- Do not take out contaminated working clothes from the work site.
- Avoid exposure of the material to environment.
- Do not let isocyanate contact water to avoid reaction.
- Do not use the material near a fire source.
[First aid]
- Inhalation: Move to a place filled with fresh air and stay there at rest in a posture easy to breath.
- Ingestion: Immediately wash inside the mouth with water. Do not forcibly vomit.
- Eye contact: Thoroughly wash the eyes with clean water. When contact lenses are worn, remove them if
not difficult to do so, and continue washing the eyes with water.
- Skin contact: Thoroughly wash with soap and a large volume of water.
- Skin contact through clothing: Immediately take off the contaminated clothing.
- Thoroughly wash contaminated working clothes before using them again.
- In case of exposure or possible exposure to the material, seek medical assistance.
- When feeling physically sick, consult a doctorthat .
- In case of fire, initially extinguish it with either dry powder, CO2 or foam extinguisher. When the fire
spreads, extinguish it with a large amount of spray water.
- In case of leakage, first collect the spill into a container as much as possible. Neutralize the material that
remains uncollected with ammonia water, alcohol, etc. or let soil/sand absorb it, then dispose of it.
[Storage]
- Store the material in airtight containers and keep the containers in a well-ventilated and locked storage at
around 20 deg. C.
- When stored outdoors, cover the containers with waterproof sheets to prevent infiltration of rainwater.
- Keep fire away from the storage area.
[Disposal]
- Have a waste disposer authorized by municipal governor undertake disposal of recovered material and its
container.
2

3

Composition /
Information on
Ingredients

Pure or Mixture
Chemical Name
Components and
contained amount
AECS*) No.
ISHA**) No.
CAS No.
Hazardous Ingredients
and impurity

Substance
Polymethylenepolyphenylisocyanate, Polymeric
MDI
99% or more (contains 1 % or more of 4, 4’
diphenylmethanediisocyanate)
(7)-872 (Polymethylenepolyphenylisocyanate)
(4)-118 (4, 4’ diphenylmethanediisocyanate)
Existing
9016-87-9 (Polymethylenepolyphenylisocyanate)
101-68-8 (4, 4’ diphenylmethanediisocyanate)
4, 4’ diphenylmethanediisocyanate 30 to 50%

AECS*): Act on the Evaluation of Chemical Substances and Regulation of Their Manufacture, etc.
ISHA**): Industrial Safety and Health Act
First Aid Measures
Inhalation:
- Move to a place filled with fresh air and stay there at rest in a posture easy to
breath.
- Immediately consult a doctor.
- When breathing is stopped, loosen clothes and establish an airway, then give
artificial respiration.
- When coughing or producing sputum persists, immediately consult a doctor.

Notes:
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Skin contact:

-

Thoroughly wash with soap and a large volume of water.
Take off all the contaminated clothes.
When the skin irritates, rash develops or feeling sick, consult a doctor.
Thoroughly wash contaminated working clothes before using them again.

Eye contact:

-

Even if the amount in contact with eyes is small, thoroughly wash the eyes
with clean water for at least 15 minutes, and consult a doctor.
When contact lenses are worn, remove them if not difficult to do so, and
continue washing the eyes with water.
When the eyes irritate, consult a doctor.

Ingestion:

-

5.

Fire-Fighting
Measures

Immediately wash inside the mouth with water, and take in water or milk of
250ml to dilute the ingested matter. Do not forcibly vomit the diluted matter.
When becoming unconscious, do not take in anything through the mouth.
Immediately consult a doctor for treatment including washing stomach.

Suitable extinguishing media: Powdered dry chemical, CO2, foam, spray water
Unsuitable extinguishing media: Water jet
Specific fire extinguishing method:
- Use CO2 or powdered dry chemical for initial fire fighting.
- When the fire spreads, extinguish it with a large amount of spray water.
- Wet the drums with spray water to prevent the drums from catching fire and
blowing up.
- After the fire is put out, neutralize the spilt MDI.
Special protective equipment and precautions for fire-fighters:
- When fighting a fire, wear a self-contained breathing apparatus and other
protection equipment, as hazardous MDI vapor can generate.
- Wear appropriate protective equipment such as protective glasses, gloves and
masks.
- Fight a fire from windward side as much as practicable to avoid intake of
toxic gas.
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6.

Accidental Release Measures
Personal precautions , protective
equipment and emergency procedures:

Other than people wearing appropriate protection equipment,
evacuate all people from the leakage. Secure ventilation of the
place where leakage occurred.

Environmental precautions:

Methods
and
materials
containment and cleaning up:

Do not release the spillage directly to rivers or sewage system.
Neutralize spillage by dispersion with neutralizing agent, or
absorb the spillage with soil/sand to recover the spillage as much
as possible.
for

Neutralize and decontaminate the floor from where spillage was
removed. Do not seal up the container in which the spillage is
recovered. Dispose of the container in accordance with cautions
in Sec. 13.Disposal Procedures.
Typical neutralizing agent: Water/Sodium Carbonate/Liquid
detergent = 90 to 95/5 to 10/0.2 to 2 (wt.%)

7.

Handling and Storage
Precautions for safe handling:
Technical measures

-

Take countermeasures in Sect. 8. “Exposure Prevention and
Protection! and wear protective equipment.
Install local exhaust equipment where the material is handled
indoors.
When MDI is heated or powder is handled, wear protection
equipment appropriate to avoid direct contact with skin.

Local/Total exhaust

-

Install local/total exhaust equipment in accordance with Sect.
8. Exposure Prevention and Protection.

General cautions:

-

Carefully read the MSDS before handling the material.
Do not touch, inhale or intake the material.
Carefully wash hands after handling.
Handle the material only outdoors or indoors provided with
appropriate ventilation.
Do not take out contaminated working clothes from the work
site.
Do not drink/eat foods or smoke while using the material.

Safe handling precautions:

-

-

Substances that should not
be in contact with the material:

Be careful so that MDI will not cantact water to avoid
reaction.
Always have sufficient number of protecting equipment and
sufficient quantities of neutralization agent ready for
emergency.
Handle the container with care to avoid over-turning or
dropping.

Refer to Sect. 10. Stability and Reactivity.
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7.

(continued)
Handling and Storage
Conditions for safe storage , including
any incompatibilities:
- Indoor storage shall be of fireproofing construction and well
ventilated.
Technical handling:
- Flooring material shall be non-absorbing type.
- Appropriate light letting-in and lighting equipment shall be
installed.
Appropriate storage site:

-

Hazardous material when mixed
Packaging material

Store the material in airtight containers and keep the
containers in a well-ventilated and cooled place.
Store the containers in a lockable storage.
Displace vapor in the gaseous phase with nitrogen gas or dry
air (due point to be -30 deg. C or lower) before storage.
Post caution signs such as “Flammable – Keep Fire Away”
and “Unauthorized Personnel. Off limits.”

.
Refer to Sect. 10. Stability and Reactivity.
Use containers specified by the Fire Service Act and UN
Transportation regulations.
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8.

Exposure Controls/Personal
Protection
Appropriate engineering controls

Control Limit:
Occupation expose limit values:
- Japan Society for Occupational
Health.
- American Conference of
Governmental Industrial
Hygienists
Individual protection measures,such
as personal protective equipment:
- For respiratory organ
-

For Hands
For eyes
For skin and body

Hygiene measures

9.

Physical/Chemical Properties
Appearance
Odor
pH
Boiling point
Flash point
Explosion limits
Vapor pressure
Vapor density (air = 1)
relative density
Solubility
Octanol/water partition coefficient
Auto-ignition temperature
Decomposition temperature
Viscosity

-

Facilities where the material is handled shall be of tightly
sealed construction. Local exhaust equipment or other
suitable means for ventilation shall be installed near the
place where vapor or mist of the material is generated.

-

When handling the material, wear appropriate protection
equipment. Install eye washing and body washing equipment
near the place where the material is handled.

-

Flooring material shall be non-absorbing type.

Not specified

TWA (time-weighted average) 0.05mg/m3 (4.4’MDI) (2007) 8)
TWA (time-weighted average) 0.005 ppm (0.051mg/m3)
(4.4’MDI) (2007) 9)

Air-breathing apparatus JIS T 8155, Air-supplied respirator
JIS T 8153
Rubber or plastic protective gloves (impermeable)
Protective glasses with side protective cover plates
Long sleeve working clothes and safety shoes
-

Wash hands thoroughly after handling.
Contaminated work clothing should not be allowed out of
the workplace.

Dark brown liquid
Almost no odor
No data available
Lower than 300 deg. C 10)
208 deg. C 10)
No data available
7 x 10-4Pa (@25deg.C)
8.5 (4,4’ MDI)
Approx. 1.23 (@25deg.C)
Not soluble in water. Soluble in a number of organic solvents
such as esters, ketone, and aromatic solvents.
No data available
No data available
No data available
50 to 300 mPa･s (@25deg.C) 10)
6

10. Stability and Reactivity
Chemical stability:

Reactivity:

-

Chemically stable against light, heat and impact under normal handling
conditions.

-

As MDI is highly active, it tends to react with active hydrogen compounds
such as water, alcohol and amines to generate heat.
Coexistence with basic substances and certain metallic compounds can
cause polymerization and heat generation.
Reaction with water generates CO2.

Possibility of hazardous reactions

Severely reacts with active hydrogen compounds such as water, alcohol
and amines to generate heat, causing possible danger of explosion due to
pressure increase.

Incompatible materials

Active hydrogen compounds such as water, alcohol and amines, and
oxidizing agents

-

Hazardous decomposition
products
-

11 Toxicological Information
Acute toxicity (oral):

Nitrogen compounds, CO

Based on “rat LD50 = 49,000 mg/kg (RTECS),” judged to be “Not
classified”.

Acute toxicity:(dermal)

Based on “rabbit LD50 > 10,000 mg/kg (SIDS)” and “rabbit LD50 ≧
94,000 mg/kg (RTECS),” judged to be “Not classified”.
Skin contact to 4, 4’diphenylmethanediisocyanate can cause reddish swelling
of skin.
Eye contact to 4, 4’diphenylmethanediisocyanate causes acute pain, and can
cause disturbance of vision unless it is removed immediately.

Acute toxicity (gases)

Since the material is a liquid, we judged the material to be “Not applicable”.

Acute toxicity (vapors)

Since no information was available, we judged the material to be
“Classification not possible”.

Acute toxicity (dust, mist)

Based on “LC = 50mg/kg (calculated),” we judged the material to be
“Category 4”.

Skin corrosion, irritation

Base on description in IARC 19 (1979) that the material irritates rabbit skin,
we judged the material to be “Category 2”.

Serious eye
irritation

damage/eye Base on description in IARC 19 (1979) that the material irritates rabbit skin,
we judged the material to be “Category 2A”.

Respiratory sensitization

Based on the following facts, we judged the material to be “Category 1”.
- Classified as “Air passage; Group 1 (Recommendation by the Society for
Industrial Studies, Japan 2005)” by Japan Society for Occupational
Health.
- Classified as Sa (MAK/BAT, 2004) by DFG.
Listed as a “respiratory sensitization substance” by Japanese Society of
Occupational and Environmental Allergy (its academic journal, 2004).
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11. Toxicological Information
Skin sensitization

(continued)
Since CICAD (2007) states that the Mouse Ear Swelling Test (MEST) results
show clear evidence of skin sensitization, we judged the material to be
“Category 1”

Germ cell mutagenicity

Analysis results of chromosome/micronucleus in human peripheral blood,
which is an in vivo mutagenicity test using cells of the body, and
micronucleus tests results using red blood cells of a mouse has shown
negative (DFGOT vol.8, 1997). Therefore we judged the material to be “Not
Classified”.

Carcinogenicity

Since the material is classified as Group 3 (LARC 71, 1997) by IARC and as
CBD (IRIS 1998) by EPA, we judged the material to be “Not classified”.

Reproductive toxicity

Results of in-pregnancy exposure test using rats as per IARC 71(1999),
IRIS (1998) and CICAD 27 (2000) showed no definitive reproductive
toxicity at the dosage where general toxicity is found in the parent animal.
Therefore we judged the material to be “Not classified”.

Specific target organ
toxicity (single exposure)

” Based on the descriptions in DFGOT (vol.8, 1997) and IARC71 (1997) that
the material has airway irritation, we judged the material to be “Category 3
(airway irritation)”.

Specific target organ
toxicity (repeated exposure)

The toxicity observed was not considered an organizational toxicity due to
repeated dosage, but was considered local actions occurring when
contact-exposed to the tissue. For GHS against the local actions, the material
is covered as Category 3 in particular target organs/systemic toxicity (single
exposure) and as Category 1 in respiratory sensitization. Therefore, as the
material needs not be classified for repeated exposure, “Classification not
possible” was selected.

Aspiration hazard

Since no information was available, we judged the material to be
“Classification not possible”

12. Ecological Information
Ecotoxicity/Fish toxicity

TLm 48H Japanese rice fish (“Himedaka”) 3000ppm or higher

Aquatic hazard (acute)

“Classification not possible” as no information is available

Aquatic hazard (chronic)

“Classification not possible” as no information is available

13. Disposal Considerations
Residual Waste Disposal

-

-

Have a waste disposer authorized by municipal governor undertake
disposal of residual wastes.
Incinerate the waste at an appropriate facility.
When the waste disposer undertakes the task, be sure to have the
disposer thoroughly understand hazardousness and toxicity of the
residual wastes.
Wastes contaminated with MDI shall be detoxified in open system using
neutralizing agent, then disposed of by an appropriate measure.
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13. Disposal Considerations
Contaminated
Container/Package

(continued)
-

-

14. Transport Information
International regulation:
UN Classification
UN Number
Domestic regulations:
Land transportation

Containers shall be cleaned for recycling, or disposed of in appropriate
manners in accordance with applicable laws and local municipality‘s
regulations.
When disposing of an empty used container, remove the contents
completely.

For Air transportation, follow requirements of ICAO/IATA, and for sea
transportation, follow requirements of IMDG.
Not applicable
Not applicable
Follow transportation rules provided in Fire Service Act, Industrial Safety
and Health Act, Road Trucking Vehicle Act, etc.

Sea transportation

Follow transportation rules provided in Ship Safety Act.

Air transportation

Follow transportation rules provided in Civil Aeronautics Act.

Special safety measures:

Fire Service Act:

Prior to transportation, make sure that there is no leakage from the container
and that signs and marking are properly placed. Load up the cargoes properly
so that they will not be overturned, dropped, collapsed or damaged during
transportation.
As the material belongs to Hazardous material Group 4 the 4th Petroleum of
Fire Service Act, follow the requirements of the law when selecting
containers and loading the cargoes.

Emergency Measures Guide
171
No.
15. Regulatory Information
:
Industrial Safety and Health Act
Notifying substance (Article 57.2, enforcement
order 18-2 Table 9)

4, 4’ diphenylmethanediisocyanate

Guidance/Transmittal Substance (Existing
mutagenic chemical substance, etc.)

4, 4’ diphenylmethanediisocyanate

Labor Standards Act, Disease Chemical Substance
(Article 75.2, enforcement regulation 35, Table
1-2-4)

4, 4’ diphenylmethanediisocyanate

Pollutant Release and Transfer Register Law (PRTR)
Class 1 Designated Chemical Substance

4, 4’ diphenylmethanediisocyanate (No. 448)

Fire Service Act
Hazardous material

Group 4 the 4th Petroleum, hazardous class III

Air Pollution Control Act
Hazardous Air Pollutant (Article 2.13, Notice by
Ministry of Environment)

4, 4’ diphenylmethanediisocyanate
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16.

Other Information
Reference List:
1) Urethane Materials Industry Association: Outline of Polyurethane Industries (2005)
2)

Urethane Materials Industry Association: Polyurethane Material – Guidance to safe handling (2008)

3)

Urethane Materials Industry Association: Control Guidance for transportation of polyol (2008)

4)

The Chemical Society of Japan: Disaster-prevention Guideline for diphenylmethanediisocyanate
(MDI) (1996)

5)

M. H. Litch Field “Review of MDI Toxicity Studies” III ref.: 10844,7 (1991)

6)

Health, Labor and Welfare Ministry, Kihatsu No. 315-2 (Heisei 5)

7)

Japan Society for Occupational Health “Journal for Occupational Health” (2007)

8)

IARC Monographs (2006)

9)

“TVLs and BEIs” (2007) (ACGIH)

10) MDI and TDI: Safety, Health and Environment edited by D.S. Gilbert, etc.(2003)

Notes:
The text of this MSDS is prepared based on data, knowledge and information available at the time of
preparation or revision. Therefore, the text is subject to change and supplementation whenever new
knowledge and experiment results become available. Neither of the figures included in this MSDS
such as and physicochemical properties are for guarantee.
Cautions recommended in this MSDS are subject to general handling. If specific and special handling
procedures are required, determine appropriate safety standards/requirements for such specific and
special handling of the material under the user’s own responsibility.

Product name: Achilles Airlon-R, Component I (R-100)

Prepared on May 31, 2012

MSDS No.
10

ACHILLES CORPORATION
MATERIAL SAFETY DATA SHEET (MSDS)
MSDS No.
1.

Chemical Name and
Company Information

May 16, 2012
Product Name
Company Name
Address
Dept. in charge
Telephone Number
Facsimile Number
Emergency Telephone

:
:
:
:
:
:
:

Achilles Airlon-FR-NF, Component I (FR-300)
Achilles Corporation
22 Daikyo-cho, Shinjuku-ku, Tokyo, Japan
Insulation Materials Sales
+81-3-5379-4574
+81-3-5379-4909
+81-284-73-9326

2. Hazard Identification
GHS Classification:
Physical Hazard:
- Explosives
Not applicable
- Flammable gases
Not applicable
- Flammable aerosols
Not applicable
- Oxidized gases
Not applicable
- Gases under pressure
Not applicable
- Flammable liquids
Not classified
- Flammable solids
Not applicable
- Self-reactive substance and mixture
Not applicable
- Pyrophoric liquids
Not classified
- Pyrophoric solids
Not applicable
- Self-heating substances and mixtures
Classification not possible
- Substance and mixtures which, in contact with water, emit Not applicable
flammable gases
- Oxidizing liquids
Not applicable
- Oxidizing solids
Not applicable
- Organic peroxides
Not applicable
- Corrosion to metals
Not classified
Health Hazards:
- Acute toxicity (oral)
- Acute toxicity (dermal)
- Acute toxicity (gases)
- Acute toxicity (vapors)
- Acute toxicity (dust, mist)
- Skin corrosion/irritation
- Serious eye damage/eye irritation
- Respiratory sensitization
- Skin sensitization
- Germ cell mutagenicity
- Carcinogenicity
- Reproductive toxicity
- Specific target organ toxicity (single exposure)
- Specific target organ toxicity (repeated exposure)
- Aspiration hazard

Not classified
Not applicable
Not applicable
Not classified
Category 4
Category 2
Category 2A
Category 1
Category 1
Not applicable
Not applicable
Not applicable
Category 3 (airway irritation)
Classification not possible
Not classified
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2. Hazard Identification (continued)
Environmental Hazard:
- Aquatic hazard (acute)
- Aquatic hazard (chronic)
Label elements:
Symbol:

Not classified
Not classified

Signal word: DANGER
Hazard statement:
- Harmful if inhaled
- Causes skin irritation
- Causes serious eye irritation
- May cause allergy or asthmatic symptoms or breathing difficulties if inhaled
- May cause an allergic skin reaction
- May cause respiratory irritation
Cautionary statements:
[Safety measures]
- Carefully read the MSDS before handling the material.
- Do not drink/eat foods or smoke while using this material.
- Do not take in, inhale, or let eyes and skin touch the material. Wear appropriate protective equipment such
as protective glasses, gloves and masks while handling the material.
- Carefully wash hands after handling.
- Do not take out contaminated working clothes from the work site.
- Avoid exposure of the material to environment.
- Do not let isocyanate contact water to avoid reaction.
- Do not use the material near a fire source.
[First aid]
- Inhalation: Move to a place filled with fresh air and stay there at rest in a posture easy to breath.
- Ingestion: Immediately wash inside the mouth with water. Do not forcibly vomit.
- Eye contact: Thoroughly wash the eyes with clean water. When contact lenses are worn, remove them if
not difficult to do so, and continue washing the eyes with water.
- Skin contact: Thoroughly wash with soap and a large volume of water.
- Skin contact through clothing: Immediately take off the contaminated clothing.
- Thoroughly wash contaminated working clothes before using them again.
- In case of exposure or possible exposure to the material, seek medical assistance.
- When feeling physically sick, consult a doctorthat .
- In case of fire, initially extinguish it with either dry powder, CO2 or foam extinguisher. When the fire
spreads, extinguish it with a large amount of spray water.
- In case of leakage, first collect the spill into a container as much as possible. Neutralize the material that
remains uncollected with ammonia water, alcohol, etc. or let soil/sand absorb it, then dispose of it.
[Storage]
- Store the material in airtight containers and keep the containers in a well-ventilated and locked storage at
around 20 deg. C.
- When stored outdoors, cover the containers with waterproof sheets to prevent infiltration of rainwater.
- Keep fire away from the storage area.
[Disposal]
- Have a waste disposer authorized by municipal governor undertake disposal of recovered material and its
container.
2

3.

Composition /
Information on
ingredients

Pure or Mixture
Chemical Name

Substance
Modified polyisocyanate

Components and
contained amount

98% or more (contains 1 % or more of 4, 4’
diphenylmethanediisocyanate)

AECS*) No.

(7)-820 (modified polyisocyanate)
(4)-524 (alkylene carbonate)
Existing

ISHA**) No.
CAS No.
Hazardous Ingredients
and impurity

101-68-8 (4, 4’ diphenylmethanediisocyanate)
108-32-7(alkylene carbonate)
4, 4’ diphenylmethanediisocyanate 30 to 50%

AECS*): Act on the Evaluation of Chemical Substances and Regulation of Their Manufacture, etc.
ISHA**): Industrial Safety and Health Act
First Aid Measures
Inhalation:
- Move to a place filled with fresh air and stay there at rest in a posture easy to
breath.
- Immediately consult a doctor.
- When breathing is stopped, loosen clothes and establish an airway, then give
artificial respiration.
- When coughing or producing sputum persists, immediately consult a doctor.

Notes:
4.

Skin contact:

-

Thoroughly wash with soap and a large volume of water.
Take off all the contaminated clothes.
When the skin irritates, rash develops or feeling sick, consult a doctor.
Thoroughly wash contaminated working clothes before using them again.

Eye contact:

-

Even if the amount in contact with eyes is small, thoroughly wash the eyes
with clean water for at least 15 minutes, and consult a doctor.
When contact lenses are worn, remove them if not difficult to do so, and
continue washing the eyes with water.
When the eyes irritate, consult a doctor.

Ingestion:

-

Immediately wash inside the mouth with water, and take in water or milk of
250ml to dilute the ingested matter. Do not forcibly vomit the diluted matter.
When becoming unconscious, do not take in anything through the mouth.
Immediately consult a doctor for treatment including washing stomach.
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5.

Fire Fighting Measures
-

Suitable extinguishing media: Powdered dry chemical, CO2, foam, spray
water
Unsuitable extinguishing media: Water jet

Specific fire extinguishing method:
- Use CO2 or powdered dry chemical for initial fire fighting.
- When the fire spreads, extinguish it with a large amount of spray water.
- Wet the drums with spray water to prevent the drums from catching fire and
blowing up.
- After the fire is put out, neutralize the spilt MDI.
Special protective equipment and precautions for fire-fighters:
- When fighting a fire, wear a self-contained breathing apparatus and other
protection equipment, as hazardous MDI vapor can generate.
- Wear appropriate protective equipment such as protective glasses, gloves
and masks.
- Fight a fire from windward side as much as practicable to avoid intake of
toxic gas.
6.

Accidental release measures
Personal precautions , protective
equipment and emergency procedures:

Other than people wearing appropriate protection equipment,
evacuate all people from the leakage. Secure ventilation of the
place where leakage occurred.

Environmental precautions:

Methods
and
materials
containment and cleaning up:

Do not release the spillage directly to rivers or sewage system.
Neutralize spillage by dispersion with neutralizing agent, or
absorb the spillage with soil/sand to recover the spillage as much
as possible.
for

Neutralize and decontaminate the floor from where spillage was
removed. Do not seal up the container in which the spillage is
recovered. Dispose of the container in accordance with cautions
in Sec. 13.Disposal Procedures.
Typical neutralizing agent: Water/Sodium Carbonate/Liquid
detergent = 90 to 95/5 to 10/0.2 to 2 (wt.%)

7.

Handling and Storage
Precautions for safe handling.
Technical measures

-

Local/Total exhaust

-

Take countermeasures in Sect. 8. “Exposure Prevention and
Protection! and wear protective equipment.
Install local exhaust equipment where the material is handled
indoors.
When MDI is heated or powder is handled, wear protection
equipment appropriate to avoid direct contact with skin.
Install local/total exhaust equipment in accordance with Sect.
8. Exposure Prevention and Protection.
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7.

Handling and Storage
General cautions:

Safe handling precautions:

(continued)
- Carefully read the MSDS before handling the material.
- Do not touch, inhale or intake the material.
- Carefully wash hands after handling.
- Handle the material only outdoors or indoors provided with
appropriate ventilation.
- Do not take out contaminated working clothes from the work
site.
- Do not drink/eat foods or smoke while using the material.
-

-

Substances that should not
be in contact with the material:

Refer to Sect. 10. Stability and Reactivity.

Conditions for sage storage, including
any incompatibilities.
Technical handling:
-

Appropriate storage site:

-

Hazardous material when mixed
Packaging material

Be careful so that MDI will not cantact water to avoid
reaction.
Always have sufficient number of protecting equipment and
sufficient quantities of neutralization agent ready for
emergency.
Handle the container with care to avoid over-turning or
dropping.

Indoor storage shall be of fireproofing construction and well
ventilated.
Flooring material shall be non-absorbing type.
Appropriate light letting-in and lighting equipment shall be
installed.
Store the material in airtight containers and keep the
containers in a well-ventilated and cooled place.
Store the containers in a lockable storage.
Displace vapor in the gaseous phase with nitrogen gas or dry
air (due point to be -30 deg. C or lower) before storage.
Post caution signs such as “Flammable – Keep Fire Away”
and “Unauthorized Personnel. Off limits.”

.
Refer to Sect. 10. Stability and Reactivity.
Use containers specified by the Fire Service Act and UN
Transportation regulations.
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8.

Exposure Controls/Personal
Protection
Appropriate engineering controls

Control Limit:
Occupation expose limit values:
- Japan Society for Occupational
Health.
- American Conference of
Governmental Industrial
Hygienists
Individual protection measures,such as
personal protective equipment:
- For respiratory organ
-

For Hands
For eyes
For skin and body

Hygiene measures

9.

Physical/Chemical Properties
Appearance
Odor
pH
Boiling point
Flash point
Explosion limits
Vapor pressure
Vapor density (air = 1)
relative density
Solubility
Octanol/water partition coefficient
Auto-ignition temperature
Decomposition temperature
Viscosity

-

Facilities where the material is handled shall be of tightly
sealed construction. Local exhaust equipment or other
suitable means for ventilation shall be installed near the
place where vapor or mist of the material is generated.

-

When handling the material, wear appropriate protection
equipment. Install eye washing and body washing
equipment near the place where the material is handled.

-

Flooring material shall be non-absorbing type.

Not specified

TWA (time-weighted average) 0.05mg/m3 (4.4’MDI) (2007) 8)
TWA (time-weighted average) 0.005 ppm (0.051mg/m3)
(4.4’MDI) (2007) 9)

Air-breathing apparatus JIS T 8155, Air-supplied respirator
JIS T 8153
Rubber or plastic protective gloves (impermeable)
Protective glasses with side protective cover plates
Long sleeve working clothes and safety shoes
-

Wash hands thoroughly after handling.
Contaminated work clothing should not be allowed out of
the workplace.

Dark brown liquid
Almost no odor
No data available
No data available
230 deg. C 10)
No data available
0.001Pa (@25deg.C)
No data available
Approx. 1.23 (@25deg.C)
Not soluble in water. Soluble in a number of organic solvents
such as esters, ketone, and aromatic solvents.
No data available
No data available
No data available
270 mPa-s (@25deg.C) 10)
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10. Stability and Reactivity
Chemical Stability:

Reactivity:

-

Chemically stable against light, heat and impact under normal handling
conditions.

-

As MDI is highly active, it tends to react with active hydrogen compounds
such as water, alcohol and amines to generate heat.
Coexistence with basic substances and certain metallic compounds can
cause polymerization and heat generation.
Reaction with water generates CO2.

Possibility of hazardous reactions

Severely reacts with active hydrogen compounds such as water, alcohol
and amines to generate heat, causing possible danger of explosion due to
pressure increase.

Incompatible materials

Active hydrogen compounds such as water, alcohol and amines, and
oxidizing agents

-

Hazardous decomposition products

Nitrogen compounds, CO

11. Toxicological Information
Acute toxicity (oral):

Based on “rat LD50 = 31,600 mg/kg (CICAD 272,000),” judged to be “Not
classified”.

Acute toxicity:(dermal)

Based on “rabbit LD50 > 10,000 mg/kg (SIDS)” and “rabbit LD50≧94,000
mg/kg (RTECS),” judged to be “Not applicable”
Skin contact to 4, 4’diphenylmethanediisocyanate can cause reddish swelling
of skin.
Eye contact to 4, 4’diphenylmethanediisocyanate causes acute pain, and can
cause disturbance of vision unless it is removed immediately.

Acute toxicity (gases)

Since the material is a liquid, we judged the material to be “Not applicable”

Acute toxicity (vapors)

Since no information was available, we judged the material to be “Not
classified”

Acute toxicity (dust, mist)

Base on description in EUROPIAN UNION RISK ASSESSMENT REPOST,
VOLUME59 that the material harmful by inhalation, we judged the material
to be “Category 4”.

Skin corrosion, irritation

Base on description in IARC 19 (1979) that the material irritates rabbit skin,
we judged the material to be “Category 2”.

Serious eye
irritation

damage/eye Based on description in IARC19(1979) that the material irritates rabbit skin,
we judged the material to be “Category2A”.
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11. Toxicological Information

(continued)

Respiratory sensitization

Based on the following facts, we judged the material to be “Category 1.”
- Classified as “Air passage; Group 1 (Recommendation by the Society for
Industrial Studies, Japan 2005)” by Japan Society for Occupational
Health.
- Classified as Sa (MAK/BAT, 2004) by DFG.
- Listed as a “respiratory sensitization substance” by Japanese Society of
Occupational and Environmental Allergy (its academic journal, 2004).

Skin sensitization

Since CICAD (2007) states that the Mouse Ear Swelling Test (MEST) results
show clear evidence of skin sensitization, we judged the material to be
“Category 1.”

Germ cell mutagenicity

Analysis results of chromosome/micronucleus in human peripheral blood,
which is an in vivo mutagenicity test using cells of the body, and
micronucleus tests results using red blood cells of a mouse has shown
negative (DFGOT vol.8, 1997). Therefore we judged the material to be “Not
classified”.

Carcinogenicity

Since the material is classified as Group 3 (LARC 71, 1997) by IARC and as
CBD (IRIS 1998) by EPA, we judged the material to be “Not classified”.

Reproductive toxicity

Results of in-pregnancy exposure test using rats as per IARC 71(1999),
IRIS (1998) and CICAD 27 (2000) showed no definitive reproductive
toxicity at the dosage where general toxicity is found in the parent animal.
Therefore we judged the material to be “Not classified”.

Specific target organ
toxicity (single exposure)

” Based on the descriptions in DFGOT (vol.8, 1997) and IARC71 (1997) that
the material has airway irritation, we judged the material to be “Category 3
(airway irritation).”

Specific
target
organ The toxicity observed was not considered an organizational toxicity due to
toxicity (repeated exposure) repeated dosage, but was considered local actions occurring when
contact-exposed to the tissue. For GHS against the local actions, the material
is covered as Class 3 in particular target organs/systemic toxicity (single
exposure) and as Class 1 in respiratory sensitization. Therefore, as the
material needs not be classified for repeated exposure, “Classification not
possible” was selected.
Aspiration hazard
12. Ecological Information
Ecotoxicity/Fish toxicity

Since no information was available, we judged the material to be
“Classification not possible”.
TLm 48H Japanese rice fish (“Himedaka”) 3000ppm or higher

Aquatic hazard (acute)

“Classification not possible” as no information is available

Aquatic hazard (chronic)

“Classification not possible” as no information is available
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13. Disposal Considerations
Residual Waste Disposal

-

-

Contaminated
Container/Package

-

-

14 Transport Information
International regulation:
UN Classification
UN Number
Domestic regulations:
Land transportation

Have a waste disposer authorized by municipal governor undertake
disposal of residual wastes.
Incinerate the waste at an appropriate facility.
When the waste disposer undertakes the task, be sure to have the
disposer thoroughly understand hazardousness and toxicity of the
residual wastes.
Wastes contaminated with MDI shall be detoxified in open system using
neutralizing agent, then disposed of by an appropriate measure.
Containers shall be cleaned for recycling, or disposed of in appropriate
manners in accordance with applicable laws and local municipality‘s
regulations.
When disposing of an empty used container, remove the contents
completely.

For Air transportation, follow requirements of ICAO/IATA, and for sea
transportation, follow requirements of IMDG.
Not applicable
Not applicable
Follow transportation rules provided in Fire Service Act, Industrial Safety
and Health Act, Road Trucking Vehicle Act, etc.

Sea transportation

Follow transportation rules provided in Ship Safety Act.

Air transportation

Follow transportation rules provided in Civil Aeronautics Act.

Special safety measures:

Fire Service Act:

Prior to transportation, make sure that there is no leakage from the container
and that signs and marking are properly placed. Load up the cargoes properly
so that they will not be overturned, dropped, collapsed or damaged during
transportation.
As the material belongs to Hazardous material Group 4 the 4th Petroleum of
Fire Service Act, follow the requirements of the law when selecting
containers and loading the cargoes.

Emergency Measures Guide
171
No.
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15. Regulatory Information
Industrial Safety and Health Act
Notifying substance (Article 57.2, enforcement
order 18-2 Table 9)

16.

4, 4’ diphenylmethanediisocyanate

Guidance/Transmittal Substance (Existing
mutagenic chemical substance, etc.)

4, 4’ diphenylmethanediisocyanate

Labor Standards Act, Disease Chemical Substance
(Article 75.2, enforcement regulation 35, Table
1-2-4)

4, 4’ diphenylmethanediisocyanate

Pollutant Release and Transfer Register Law (PRTR)
Class 1 Designated Chemical Substance

4, 4’ diphenylmethanediisocyanate (No. 448)

Fire Service Act
Hazardous material

Group 4 the 4th Petroleum, hazardous class III

Air Pollution Control Act
Hazardous Air Pollutant (Article 2.13, Notice by
Ministry of Environment)

4, 4’ diphenylmethanediisocyanate

Other Information
Reference List:
1)

Urethane Materials Industry Association: Outline of Polyurethane Industries (2005)

2)

Urethane Materials Industry Association: Polyurethane Material – Guidance to safe handling (2008)

3)

Urethane Materials Industry Association: Control Guidance for transportation of polyol (2008)

4)

The Chemical Society of Japan: Disaster-prevention Guideline for diphenylmethanediisocyanate
(MDI) (1996)

5)

M. H. Litch Field “Review of MDI Toxicity Studies” III ref.: 10844,7 (1991)

6)

Health, Labor and Welfare Ministry, Kihatsu No. 315-2 (Heisei 5)

7)

Japan Society for Occupational Health “Journal for Occupational Health” (2007)

8)

IARC Monographs (2006)

9)

“TVLs and BEIs” (2007) (ACGIH)

10) MDI and TDI: Safety, Health and Environment edited by D.S. Gilbert, etc.(2003)
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Notes:
The text of this MSDS is prepared based on data, knowledge and information available at the time of
preparation or revision. Therefore, the text is subject to change and supplementation whenever new
knowledge and experiment results become available. Neither of the figures included in this MSDS
such as and physicochemical properties are for guarantee.
Cautions recommended in this MSDS are subject to general handling. If specific and special handling
procedures are required, determine appropriate safety standards/requirements for such specific and
special handling of the material under the user’s own responsibility.

Product name: Achilles Airlon-R, Component I (FR-300)

Prepared on May 16, 2012

MSDS No.:
11

ACHILLES CORPORATION
MATERIAL SAFETY DATA SHEET (MSDS)
MSDS No.
1.

Chemical Name and
Company Information

May 31, 2012
Product Name
Company Name
Address
Dept. in charge
Telephone Number
Facsimile Number
Emergency Telephone

:
:
:
:
:
:
:

Achilles Airlon-R, Component R
(TS-300NF)
Achilles Corporation
22 Daikyo-cho, Shinjuku-ku, Tokyo, Japan
Insulation Materials Sales
+81-3-5379-4574
+81-3-5379-4909
+81-284-73-9326

2. Hazard Identification
GHS Classification:
Physical Hazard:
- Explosives
Not applicable
- Flammable gases
Not applicable
- Flammable aerosols
Not applicable
- Oxidized gases
Not applicable
- Gases under pressure
Not applicable
- Flammable liquids
Classification not possible
- Flammable solids
Not applicable
- Self-reactive substance and mixture
Not applicable
- Pyrophoric liquids
Not classified
- Pyrophoric solids
Not applicable
- Self-heating substances and mixture
Classification not possible
- Substance and mixtures which, in contact with water, emit Not applicable
flammable gases
- Oxidizing liquids
Not applicable
- Oxidizing solids
Not applicable
- Organic peroxides
Not applicable
- Corrosion to metals
Classification not possible
Health Hazards:
- Acute toxicity (oral)
- Acute toxicity (dermal)
- Acute toxicity (gases)
- Acute toxicity (vapors)
- Acute toxicity (dust, mist)
- Skin corrosion/irritation
- Serious eye damage/eye irritation
- Respiratory sensitization
- Skin sensitization
- Germ cell mutagenicity
- Carcinogenicity
- Reproductive toxicity
- Specific target organ toxicity (single exposure)
- Specific target organ toxicity (repeated exposure)
- Aspiration hazard

Classification not possible
Classification not possible
Not applicable
Classification not possible
Classification not possible
Category 2
Category 2
Classification not possible
Classification not possible
Classification not possible
Classification not possible
Classification not possible
Classification not possible
Category 2
Classification not possible
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2. Hazard Identification (continued)
Environmental Hazards:
- Aquatic hazards (acute)
- Aquatic hazards (chronic)
Label elements:
Symbol:

Category 3
Category 3

Signal word: WARNING
Hazard Statement:
- Causes skin irritation
- Causes serious eye irritation
- May cause damage to organs through prolonged or repeated exposure
- Harmful to aquatic life
- Harmful to aquatic life with long lasting effects
Cautionary statements:
[Safety measures]
- Carefully read the MSDS before handling the material.
- Do not drink/eat foods or smoke while using this material.
- Do not take in, inhale, or let eyes and skin touch the material. Wear appropriate protective equipment such
as protective glasses, gloves and masks while handling the material.
- Carefully wash hands after handling.
- Avoid inhalation of vapor.
- Do not take out contaminated working clothes from the work site.
- Avoid exposure of the material to environment.
- Do not use the material near a fire source.
[First aid]
- Inhalation: Move to a place filled with fresh air and stay there at rest in a posture easy to breath.
- Ingestion: Immediately wash inside the mouth with water. Do not forcibly vomit.
- Eye contact: Thoroughly wash the eyes with clean water. When contact lenses are worn, remove them if
not difficult to do so, and continue washing the eyes with water.
- When eye irritation persists, consult a doctor.
- Skin contact: Thoroughly wash with soap and a large volume of water. Immediately take off the
contaminated clothing.
- When irritation to skin persists, consult a doctor.
- Thoroughly wash contaminated working clothes before using them again.
- In case of exposure or possible exposure to the material, seek medical assistance.
- When feeling physically sick, consult a doctor.
- In case of fire, initially extinguish it with either dry powder, CO2 or foam extinguisher. When the fire
spreads, extinguish it with a large amount of spray water.
- In case of leakage, first collect the spill into a container as much as possible. Prevent the spillage from
flowing into drainage trenches, etc. by embanking the spillage with soil/sand or equivalent. Dispose of the
recovered spill in accordance with cautions for disposal.
[Storage]
- Store the material in airtight containers and keep the containers in a well-ventilated and locked storage at
around 20 deg. C.
- When stored outdoors, cover the containers with waterproof sheets to prevent infiltration of rainwater.
- Keep fire away from the storage area.
[Disposal]
- Have a waste disposer authorized by municipal governor undertake disposal of recovered material and its
container.
2

3.

Composition /
Information on
Ingredients

Pure or Mixture

Mixture

Components and
contained amount

Polyol 65 to 75 %
Trichloropropylphosphate 15 to 25%
Amine catalyst 7% or smaller
Others 10% or smaller

AECS*) No.

Existing or nondisclosure

Hazardous Ingredients
and impurity

Amine catalyst, Trichloropropylphosphate

AECS*): Act on the Evaluation of Chemical Substances and Regulation of Their Manufacture, etc.
ISHA**): Industrial Safety and Health Act
First Aid Measure
Inhalation:
- Move to a place filled with fresh air and stay there at rest in a posture easy to
breath.
- Immediately consult a doctor.
- When breathing is stopped, loosen clothes and establish an airway, then give
artificial respiration.
- When coughing or producing sputum persists, immediately consult a doctor.

Notes:
4.

Skin contact:

-

Thoroughly wash with soap and a large volume of water.
Take off all the contaminated clothes.
When the skin irritates, rash develops or feeling sick, consult a doctor.
Thoroughly wash contaminated working clothes before using them again.

Eye contact:

-

Even if the amount in contact with eyes is small, thoroughly wash the eyes
with clean water for at least 15 minutes, and consult a doctor.
When contact lenses are worn, remove them if not difficult to do so, and
continue washing the eyes with water.
When eye irritation persists, consult a doctor.

Ingestion:

-

5.

Immediately wash inside the mouth with water, and take in water or milk of
250ml to dilute the ingested matter. Do not forcibly vomit the diluted matter.
When becoming unconscious, do not take in anything through the mouth.
Immediately consult a doctor for treatment including washing stomach.

Fire-Fighting Measure Suitable extinguishing media : Powdered dry chemical, CO2, foam, spray water
Specific fire extinguishing method:
- Use CO2 or powdered dry chemical for initial fire fighting.
- When the fire spreads, extinguish it with a large amount of spray water.
- Wet the drums with spray water to prevent the drums from catching fire and
blowing up.
Special protective equipment and precautions for fire-fighters s:
- When fighting a fire, wear a self-contained breathing apparatus and other
protection equipment, as hazardous vapor can generate.
- Wear appropriate protective equipment such as protective glasses, gloves and
masks.
- Fight a fire from windward side as much as practicable to avoid intake of
toxic gas.
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6.

Accidental Release Measures
Personal precautions , protective
Other than people wearing appropriate protection equipment,
equipment and emergency procedures: evacuate all people from the leakage. Secure ventilation of the place
where leakage occurred.
Environmental precautions:
Methods
and
materials
containment and cleaning up:

Do not release the spillage directly to rivers or sewage system.
for -

-

7.

Handling and Storage
Precautions for safe handling:
Technical measures

-

When a large amount is spilled, prevent the spillage from
flowing into drainage trenches, etc. by embanking the spillage
with soil/sand or equivalent. Dispose of the recovered spill in
accordance with cautions for disposal.
Dispose of the container used for collection of spillage in
accordance with cautions in Sec. 13.Disposal Procedures.

Take countermeasures in Sect. 8. “Exposure Prevention and
Protection! and wear protective equipment.
Install local exhaust equipment where the material is handled
indoors.

Local/Total exhaust

-

Install local/total exhaust equipment in accordance with Sect.
8. “Exposure Prevention and Protection.”

General cautions:

-

Carefully read the MSDS before handling the material.
Do not touch, inhale or intake the material.
Carefully wash hands after handling.
Handle the material only outdoors or indoors provided with
appropriate ventilation.
Do not take out contaminated working clothes from the work
site.
Do not drink/eat foods or smoke while using the material.

Safe handling precautions:

-

-

Substances that should not
be in contact with the material:

Always have sufficient number of protecting equipment and
sufficient quantities of neutralization agent ready for
emergency.
Handle the container with care to avoid over-turning or
dropping.

Refer to Sect. 10.”Stability and Reactivity.”

Conditions for safe storage , including
any incompatibilities:
Technical handling:
-

Indoor storage shall be of fireproofing construction and well
ventilated.
Flooring material shall be non-absorbing type.
Appropriate light letting-in and lighting equipment shall be
installed.
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Handling and Storage (continued)
Conditions for safe storage , including
any incompatibilities:
Appropriate storage site:
-

Hazardous material when mixed
Packaging material

8

Exposure Controls/Personal
Protection:
Appropriate engineering controls

Individual protection measures,such
as personal protective equipment:
For respiratory organ
For Hands
For eyes
For skin and body
Hygiene measures:

Store the material in airtight containers and keep the
containers in a well-ventilated and cooled place.
Store the containers in a lockable storage.
Displace vapor in the gaseous phase with nitrogen gas or dry
air (due point to be -30 deg. C or lower) before storage.
Post caution signs such as “Flammable – Keep Fire Away”
and “Unauthorized Personnel. Off limits.”

.
Refer to Sect. 10. “Stability and Reactivity.”
Use containers specified by the Fire Service Act and UN
Transportation regulations.

-

Facilities where the material is handled shall be of tightly
sealed construction. Local exhaust equipment or other
suitable means for ventilation shall be installed near the
place where vapor or mist of the material is generated.

-

When handling the material, wear appropriate protection
equipment. Install eye washing and body washing equipment
near the place where the material is handled.

-

Flooring material shall be non-absorbing type.

Air-breathing apparatus JIS T 8155, Air-supplied respirator
JIS T 8153
Rubber or plastic protective gloves (impermeable)
Protective glasses with side protective cover plates
Long sleeve working clothes and safety shoes
-

Carefully wash hands after handling.
Do not take out contaminated working clothes form the
work site.
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9.

Physical/Chemical Properties
Appearance
Odor
pH
Boiling point
Flash point
Explosion limits
Vapor pressure
Vapor density (air = 1)
relative density
Solubility
Octanol/water partition coefficient
Auto-ignition temperature
Decomposition temperature
Viscosity

10. Stability and Reactivity
Chemical stability:

Reactivity:

11. Toxicological Information

Light brown liquid
Amine –like odor
8 to 9
No data available
Cannot be measured
No data available
No data available
No data available
Approx. 1.07 (@25deg.C)
Soluble in a number of organic solvents such as alcohol,
methylene chloride, esters, ketone, and aromatic solvents.
No data available
No data available
No data available
250 to 500mPa-s (@25deg.C)

-

Chemically stable against light, heat and impact under normal handling
conditions.

-

Reacts with strong oxidants. Danger.

Data on the material not available

Acute toxicity(oral):

“Classification not possible” as no information available.
However, the material contains 2% of Component B (oral toxicity test using
rats: LD50>600mg/kg) corresponding to Category 4, 1.3% 0f Component C
(oral toxicity test using rats: LD50 = 14,800mg/kg (0.9%) and LD50 =
1700mg/kg (0.4%)) corresponding to Category 5, and 20% or more of
trichloropropylphosphate corresponding to Category 4.
Trichloropropylphosphate, tested as per OECD oral toxicity test using rats
(female), show LD50 = 1,078 mg/kg.

Acute toxicity:( dermal)

“Classification not possible” as no information available.
However, the material contains 2% of Component B (percutaneous toxicity
test using rats: LD50>600mg/kg) corresponding to Category 3 and 20% or
more of trichloropropylphosphate corresponding to Category 4.
Trichloropropylphosphate shows the following percutaneous toxicity test
results:
- Rats : LD50 ≧ 5,000mg/kg 4),5)
- Rabbits: LD50 ≧ 5,000mg/kg 4),5)
- Rabbits: LD50 ≧ 2,000mg/kg 5),6)
- Rabbits: LD50 = 1,260, 1,230-3,240mg/kg.6)

Acute toxicity (gases)

Since the material is a liquid, we judged the material to be “Not applicable”.
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11. Toxicological Information

(continued)

Acute toxicity (vapors)

“Classification not possible” as no information available.
However, the material contains 2% of Component B (inhalation toxicity test
using rats: LD50>2,204mg/liter) corresponding to Category 3 and 20% or
more of trichloropropylphosphate corresponding to Category 3.

Acute toxicity (dust, mist)

“Classification not possible” as no information available.

Skin corrosion, irritation

Base on description on each component, we judged the material to be
“Category 2”.
The material contains Component B (corrosive) corresponding to Category
1A and Component C (mild skin irritation) corresponding to Category 3.

Serious eye
irritation

damage/eye Base on description on each component, we judged the material to be
“Category 2”.
The material contains Component B (serious injury) corresponding to
Category 1A, Component C (severe eye irritation) corresponding to Category
2, and trichloropropylphosphate corresponding to Category 2B.

Respiratory sensitization

“Classification not possible” as no information available.

Skin sensitization

“Classification not possible” as no information available.

Germ cell mutagenicity

“Classification not possible” as no information available.

Carcinogenicity

“Classification not possible” as no information available.

Reproductive toxicity

“Classification not possible” as no information available.

Specific
target
organ “Classification not possible” as no information available.
toxicity (single exposure)
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11. Toxicological Information
Specific target organ
toxicity (repeated exposure)

(continued)
Base on description on each component, we judged the material to be
“Category 2”.
The material contains 20% of trichloropropylphosphate corresponding to
Category 2.
Trichloropropylphosphate shows NAOEL of 10,600ppm at the oral dosages
of 4,200, 6,600, 10,600, and 16,600ppm in the 15-day repeated dosage test
using rats in accordance with OECD 4075).
It also shows NAOEL of 800 to 7,500ppm at the oral dosages of 800, 2,500,
7,500, and 20,000ppm in the 90-day repeated dosage test using rats in
accordance with OECD 4085).
It also shows NAOEL of 750 mg/kg/day at the oral dosages of 190, 300,
480, and 750mg/kg/day (4,200, 6,600, 10,600 and 16,600ppm) in the 14-day
repeated dosage test using rats.
The 13-week repeated dosage test using rats was conducted at the oral
dosages of 36, 114, 340, and 909mg/kg/day (800,2,500, 7,500, and
20,000ppm), but the test results are not available.
The 7-day repeated dosage test using rats was conducted at the dosages of 1,
10, 100, and 1,000mg/kg/day but no adverse effect was observed.
It also shows NAOEL of 100 mg/kg/day at the oral dosages of 10, 100, and
1,000mg/kg/day in the 28-day repeated dosage test using rats.
It also shows NAOEL of 800ppm (male) and 7,500ppm (female) in the
90-day repeated dosage test using rats (both male and female).

Aspiration hazard

“Classification not possible” as no information available.
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12. Ecological Information
Ecotoxicity/Fish toxicity
Aquatic hazard (acute)

Component A LC50: 28.7 ppm (“Himedaka” 96 hours)
Based on description on each component, we judged the material to be
“Category 3”.
Fish (Brachydanio rerio) LC50 (96hr) = 56.2mg/liter 5)
Fish (Lepomis macrochirus) LC50 (96hr) = 180mg/liter5)
Fish (Pimephales promelas) LC50 (96hr) = 98mg/liter5)
Fish according to OECD (Poecilia reticulate) LC50 (96hr) = 30 mg/liter5)
Fish (Fathead minnow) LC50 (96hr) = 51mg/liter5)
Fish (Bluegill sunfish) LC50 (96hr) = 180mg/liter6)
Shellfish according to OECD 202 (Daphnia magna) EC 50 (48 hr) = 65 to
335mg/liter, 63mg/liter5)
Shellfish according to OECD(Daphnia magna) LC 50 (48hr) =
131mg/liter5),6)
Algae (Scenedesmus subspicatus) EC 50 (72hr) = 45mg/liter5)
Algae according to OECD 201(Scenedesmus subspicatus) EC 50 (96hr) =
41 to 55mg/liter5)
Algae according to OECD 201(Scenedesmus capricornutum) EC 50
(96hr) = 57 to 97mg/liter5)
Algae according to OECD 201(Scenedesmus capricornutum) EC 50
(96hr) = 73mg/liter5),6)

Aquatic hazard (chronic)

13. Disposal Considerations
Residual Waste Disposal

Based on description on each component, we judged the material to be
“Category 3”.

-

Contaminated
Container/Package

-

-

14. Transport Information
International regulation:

UN Classification
UN Number

Have a waste disposer authorized by municipal governor undertake
disposal of residual wastes.
When the waste disposer undertakes the task, be sure to have the
disposer thoroughly understand hazardousness and toxicity of the
residual wastes.
Containers shall be cleaned for recycling, or disposed of in appropriate
manners in accordance with applicable laws and local municipality‘s
regulations.
When disposing of an empty used container, remove the contents
completely.

For Air transportation, follow requirements of ICAO/IATA, and for sea
transportation, follow requirements of IMDG.
Not applicable
Not applicable
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14. Transport Information
Domestic regulations:
Land transportation

(continued)
Follow transportation rules provided in Fire Service Act, Industrial Safety and
Health Act, Road Trucking Vehicle Act, etc.

Sea transportation

Follow transportation rules provided in Ship Safety Act.

Air transportation

Follow transportation rules provided in Civil Aeronautics Act.

Special safety measures:

Prior to transportation, make sure that there is no leakage from the container
and that signs and marking are properly placed. Load up the cargoes properly
so that they will not be overturned, dropped, collapsed or damaged during
transportation.

Fire Service Act:

As the material belongs to Hazardous material Group 4 the 4th Petroleum of
Fire Service Act, follow the requirements of the law when selecting containers
and loading the cargoes.

Emergency Measures Guide 171
No.
15 Regulatory Information
:
Controlled substance by Foreign Exchange Law Trichloropropylphosphate is a substance controlled
and Foreign Trade Law
as a Catch All regulated substance.
16

Other Information
Reference List:
1)

Urethane Materials Industry Association: Outline of Polyurethane Industries (2005)

2)

Urethane Materials Industry Association: Polyurethane Material – Guidance to safe handling (2008)

3)

Urethane Materials Industry Association: Control Guidance for transportation of polyol (PPG) (2008)

4)

Environmental Health Criteria No.209 (1998)

5)

International Uniform Chemical Information Database (2008)

6)

Organization for Economic Cooperation and Development Screening Information Data Set

Notes:
The text of this MSDS is prepared based on data, knowledge and information available at the time of
preparation or revision. Therefore, the text is subject to change and supplementation whenever new
knowledge and experiment results become available. Neither of the figures included in this MSDS
such as and physicochemical properties are for guarantee.
Cautions recommended in this MSDS are subject to general handling. If specific and special handling
procedures are required, determine appropriate safety standards/requirements for such specific and
special handling of the material under the user’s own responsibility.

Product name: Achilles Airlon-R, Component R (TS-300NF)

Prepared on May 31, 2012

MSDS No.:
10

ACHILLES CORPORATION
MATERIAL SAFETY DATA SHEET (MSDS)
MSDS No.
1.

Chemical Name and
Company Information

May 31, 2012
Product Name
Company Name
Address
Dept. in charge
Telephone Number
Facsimile Number
Emergency Telephone

:
:
:
:
:
:
:

Achilles Airlon-R, Component R
(TS-350NF)
Achilles Corporation
22 Daikyo-cho, Shinjuku-ku, Tokyo, Japan
Insulation Materials Sales
+81-3-5379-4574
+81-3-5379-4909
+81-284-73-9326

2. Hazard Identification
GHS Classification:
Physical Hazard:
- Explosives
Not applicable
- Flammable gases
Not applicable
- Flammable aerosols
Not applicable
- Oxidized gases
Not applicable
- Gases under pressure
Not applicable
- Flammable liquids
Classification not possible
- Flammable solids
Not applicable
- Self-reactive substance and mixture
Not applicable
- Pyrophoric liquids
Not classified
- Pyrophoric solids
Not applicable
- Self-heating substances and mixture
Classification not possible
- Substance and mixtures which, in contact with water, emit Not applicable
flammable gases
- Oxidizing liquids
Not applicable
- Oxidizing solids
Not applicable
- Organic peroxides
Not applicable
- Corrosion to metals
Classification not possible
Health Hazards:
- Acute toxicity (oral)
- Acute toxicity (dermal)
- Acute toxicity (gases)
- Acute toxicity (vapors)
- Acute toxicity (dust, mist)
- Skin corrosion/irritation
- Serious eye damage/eye irritation
- Respiratory sensitization
- Skin sensitization
- Germ cell mutagenicity
- Carcinogenicity
- Reproductive toxicity
- Specific target organ toxicity (single exposure)
- Specific target organ toxicity (repeated exposure)
- Aspiration hazard

Classification not possible
Classification not possible
Not applicable
Classification not possible
Classification not possible
Category 2
Category 2
Classification not possible
Classification not possible
Classification not possible
Classification not possible
Classification not possible
Classification not possible
Category 2
Classification not possible

1

2. Hazard Identification (continued)
Environmental Hazards:
- Aquatic hazards (acute)
- Aquatic hazards (chronic)
Label elements:
Symbol:

Category 3
Category 3

Signal word: WARNING
Hazard Statement:
- Causes skin irritation
- Causes serious eye irritation
- May cause damage to organs through prolonged or repeated exposure
- Harmful to aquatic life
- Harmful to aquatic life with long lasting effects
Cautionary statements:
[Safety measures]
- Carefully read the MSDS before handling the material.
- Do not drink/eat foods or smoke while using this material.
- Do not take in, inhale, or let eyes and skin touch the material. Wear appropriate protective equipment such
as protective glasses, gloves and masks while handling the material.
- Carefully wash hands after handling.
- Avoid inhalation of vapor.
- Do not take out contaminated working clothes from the work site.
- Avoid exposure of the material to environment.
- Do not use the material near a fire source.
[First aid]
- Inhalation: Move to a place filled with fresh air and stay there at rest in a posture easy to breath.
- Ingestion: Immediately wash inside the mouth with water. Do not forcibly vomit.
- Eye contact: Thoroughly wash the eyes with clean water. When contact lenses are worn, remove them if
not difficult to do so, and continue washing the eyes with water.
- When eye irritation persists, consult a doctor.
- Skin contact: Thoroughly wash with soap and a large volume of water. Immediately take off the
contaminated clothing.
- When irritation to skin persists, consult a doctor.
- Thoroughly wash contaminated working clothes before using them again.
- In case of exposure or possible exposure to the material, seek medical assistance.
- When feeling physically sick, consult a doctor.
- In case of fire, initially extinguish it with either dry powder, CO2 or foam extinguisher. When the fire
spreads, extinguish it with a large amount of spray water.
- In case of leakage, first collect the spill into a container as much as possible. Prevent the spillage from
flowing into drainage trenches, etc. by embanking the spillage with soil/sand or equivalent. Dispose of the
recovered spill in accordance with cautions for disposal.
[Storage]
- Store the material in airtight containers and keep the containers in a well-ventilated and locked storage at
around 20 deg. C.
- When stored outdoors, cover the containers with waterproof sheets to prevent infiltration of rainwater.
- Keep fire away from the storage area.
[Disposal]
- Have a waste disposer authorized by municipal governor undertake disposal of recovered material and its
container.
2

3.

Composition /
Information on
Ingredients

Pure or Mixture

Mixture

Components and
contained amount

Polyol 60 to 70 %
Trichloropropylphosphate 15 to 25%
Amine catalyst 5% or smaller
1-(2-methoxy-2-methylethoxy)-2-propanol,diprop
yleneglycolmonomethylether 5 to 10 %
Others 10% or smaller

AECS*) No.

Existing or nondisclosure

Hazardous Ingredients
and impurity

Amine catalyst, Trichloropropylphosphate
1-(2-methoxy-2-methylethoxy)-2-propanol,diprop
yleneglycolmonomethylether

AECS*): Act on the Evaluation of Chemical Substances and Regulation of Their Manufacture, etc.
ISHA**): Industrial Safety and Health Act
First Aid Measure
Inhalation:
- Move to a place filled with fresh air and stay there at rest in a posture easy to
breath.
- Immediately consult a doctor.
- When breathing is stopped, loosen clothes and establish an airway, then give
artificial respiration.
- When coughing or producing sputum persists, immediately consult a doctor.

Notes:
4.

Skin contact:

-

Thoroughly wash with soap and a large volume of water.
Take off all the contaminated clothes.
When the skin irritates, rash develops or feeling sick, consult a doctor.
Thoroughly wash contaminated working clothes before using them again.

Eye contact:

-

Even if the amount in contact with eyes is small, thoroughly wash the eyes
with clean water for at least 15 minutes, and consult a doctor.
When contact lenses are worn, remove them if not difficult to do so, and
continue washing the eyes with water.
When eye irritation persists, consult a doctor.

Ingestion:

-

5.

Immediately wash inside the mouth with water, and take in water or milk of
250ml to dilute the ingested matter. Do not forcibly vomit the diluted matter.
When becoming unconscious, do not take in anything through the mouth.
Immediately consult a doctor for treatment including washing stomach.

Fire-Fighting Measure Suitable extinguishing media : Powdered dry chemical, CO2, foam, spray water
Specific fire extinguishing method:
- Use CO2 or powdered dry chemical for initial fire fighting.
- When the fire spreads, extinguish it with a large amount of spray water.
- Wet the drums with spray water to prevent the drums from catching fire and
blowing up.
Special protective equipment and precautions for fire-fighters s:
- When fighting a fire, wear a self-contained breathing apparatus and other
protection equipment, as hazardous vapor can generate.
- Wear appropriate protective equipment such as protective glasses, gloves and
masks.
- Fight a fire from windward side as much as practicable to avoid intake of
toxic gas.

3

6.

Accidental Release Measures
Personal precautions , protective
Other than people wearing appropriate protection equipment,
equipment and emergency procedures: evacuate all people from the leakage. Secure ventilation of the place
where leakage occurred.
Environmental precautions:
Methods
and
materials
containment and cleaning up:

Do not release the spillage directly to rivers or sewage system.
for -

-

7.

Handling and Storage
Precautions for safe handling:
Technical measures

-

When a large amount is spilled, prevent the spillage from
flowing into drainage trenches, etc. by embanking the spillage
with soil/sand or equivalent. Dispose of the recovered spill in
accordance with cautions for disposal.
Dispose of the container used for collection of spillage in
accordance with cautions in Sec. 13.Disposal Procedures.

Take countermeasures in Sect. 8. “Exposure Prevention and
Protection! and wear protective equipment.
Install local exhaust equipment where the material is handled
indoors.

Local/Total exhaust

-

Install local/total exhaust equipment in accordance with Sect.
8. “Exposure Prevention and Protection.”

General cautions:

-

Carefully read the MSDS before handling the material.
Do not touch, inhale or intake the material.
Carefully wash hands after handling.
Handle the material only outdoors or indoors provided with
appropriate ventilation.
Do not take out contaminated working clothes from the work
site.
Do not drink/eat foods or smoke while using the material.

Safe handling precautions:

-

-

Substances that should not
be in contact with the material:

Always have sufficient number of protecting equipment and
sufficient quantities of neutralization agent ready for
emergency.
Handle the container with care to avoid over-turning or
dropping.

Refer to Sect. 10.”Stability and Reactivity.”

Conditions for safe storage , including
any incompatibilities:
Technical handling:
-

Indoor storage shall be of fireproofing construction and well
ventilated.
Flooring material shall be non-absorbing type.
Appropriate light letting-in and lighting equipment shall be
installed.

4
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Handling and Storage (continued)
Conditions for safe storage , including
any incompatibilities:
Appropriate storage site:
-

Hazardous material when mixed
Packaging material

8

Exposure Controls/Personal
Protection:
Appropriate engineering controls

Individual protection measures,such
as personal protective equipment:
For respiratory organ
For Hands
For eyes
For skin and body
Hygiene measures:

Store the material in airtight containers and keep the
containers in a well-ventilated and cooled place.
Store the containers in a lockable storage.
Displace vapor in the gaseous phase with nitrogen gas or dry
air (due point to be -30 deg. C or lower) before storage.
Post caution signs such as “Flammable – Keep Fire Away”
and “Unauthorized Personnel. Off limits.”

.
Refer to Sect. 10. “Stability and Reactivity.”
Use containers specified by the Fire Service Act and UN
Transportation regulations.

-

Facilities where the material is handled shall be of tightly
sealed construction. Local exhaust equipment or other
suitable means for ventilation shall be installed near the
place where vapor or mist of the material is generated.

-

When handling the material, wear appropriate protection
equipment. Install eye washing and body washing equipment
near the place where the material is handled.

-

Flooring material shall be non-absorbing type.

Air-breathing apparatus JIS T 8155, Air-supplied respirator
JIS T 8153
Rubber or plastic protective gloves (impermeable)
Protective glasses with side protective cover plates
Long sleeve working clothes and safety shoes
-

Carefully wash hands after handling.
Do not take out contaminated working clothes form the
work site.
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9.

Physical/Chemical Properties
Appearance
Odor
pH
Boiling point
Flash point
Explosion limits
Vapor pressure
Vapor density (air = 1)
relative density
Solubility
Octanol/water partition coefficient
Auto-ignition temperature
Decomposition temperature
Viscosity

10. Stability and Reactivity
Chemical stability:

Reactivity:

11. Toxicological Information

Light brown liquid
Amine –like odor
8 to 9
No data available
Cannot be measured
No data available
No data available
No data available
Approx. 1.08 (@25deg.C)
Soluble in a number of organic solvents such as alcohol,
methylene chloride, esters, ketone, and aromatic solvents.
No data available
No data available
No data available
250 to 500mPa-s (@25deg.C)

-

Chemically stable against light, heat and impact under normal handling
conditions.

-

Reacts with strong oxidants. Danger.

Data on the material not available

Acute toxicity(oral):

“Classification not possible” as no information available.
However, the material contains 2% of Component B (oral toxicity test using
rats: LD50>600mg/kg) corresponding to Category 4, 1.3% 0f Component C
(oral toxicity test using rats: LD50 = 14,800mg/kg (0.9%) and LD50 =
1700mg/kg (0.4%)) corresponding to Category 5, and 15% or more of
trichloropropylphosphate corresponding to Category 4.
Trichloropropylphosphate, tested as per OECD oral toxicity test using rats
(female), show LD50 = 1,078 mg/kg.

Acute toxicity:( dermal)

“Classification not possible” as no information available.
However, the material contains 2% of Component B (percutaneous toxicity
test using rats: LD50>400mg/kg) corresponding to Category 3 and 15% or
more of trichloropropylphosphate corresponding to Category 4.
Trichloropropylphosphate shows the following percutaneous toxicity test
results:
- Rats : LD50 ≧ 5,000mg/kg 4),5)
- Rabbits: LD50 ≧ 5,000mg/kg 4),5)
- Rabbits: LD50 ≧ 2,000mg/kg 5),6)
- Rabbits: LD50 = 1,260, 1,230-3,240mg/kg.6)

Acute toxicity (gases)

Since the material is a liquid, we judged the material to be “Not applicable”.
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11. Toxicological Information

(continued)

Acute toxicity (vapors)

“Classification not possible” as no information available.
However, the material contains 2% of Component B (inhalation toxicity test
using rats: LD50>2,204mg/liter) corresponding to Category 3 and 15% or
more of trichloropropylphosphate corresponding to Category 3.

Acute toxicity (dust, mist)

“Classification not possible” as no information available.

Skin corrosion, irritation

Base on description on each component, we judged the material to be
“Category 2”.
The material contains Component B (corrosive) corresponding to Category
1A and Component C (mild skin irritation) corresponding to Category 3.

Serious eye
irritation

damage/eye Base on description on each component, we judged the material to be
“Category 2”.
The material contains Component B (serious injury) corresponding to
Category 1A, Component C (severe eye irritation) corresponding to Category
2, and trichloropropylphosphate corresponding to Category 2B.

Respiratory sensitization

“Classification not possible” as no information available.

Skin sensitization

“Classification not possible” as no information available.

Germ cell mutagenicity

“Classification not possible” as no information available.

Carcinogenicity

“Classification not possible” as no information available.

Reproductive toxicity

“Classification not possible” as no information available.

Specific
target
organ “Classification not possible” as no information available.
However, the material contains 10% or less of Component D (respiratory
toxicity (single exposure)
irritation) corresponding to Category 3
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11. Toxicological Information
Specific target organ
toxicity (repeated exposure)

(continued)
Base on description on each component, we judged the material to be
“Category 2”.
The material contains 15% of trichloropropylphosphate corresponding to
Category 2.
Trichloropropylphosphate shows NAOEL of 10,600ppm at the oral dosages
of 4,200, 6,600, 10,600, and 16,600ppm in the 15-day repeated dosage test
using rats in accordance with OECD 4075).
It also shows NAOEL of 800 to 7,500ppm at the oral dosages of 800, 2,500,
7,500, and 20,000ppm in the 90-day repeated dosage test using rats in
accordance with OECD 4085).
It also shows NAOEL of 750 mg/kg/day at the oral dosages of 190, 300,
480, and 750mg/kg/day (4,200, 6,600, 10,600 and 16,600ppm) in the 14-day
repeated dosage test using rats.
The 13-week repeated dosage test using rats was conducted at the oral
dosages of 36, 114, 340, and 909mg/kg/day (800,2,500, 7,500, and
20,000ppm), but the test results are not available.
The 7-day repeated dosage test using rats was conducted at the dosages of 1,
10, 100, and 1,000mg/kg/day but no adverse effect was observed.
It also shows NAOEL of 100 mg/kg/day at the oral dosages of 10, 100, and
1,000mg/kg/day in the 28-day repeated dosage test using rats.
It also shows NAOEL of 800ppm (male) and 7,500ppm (female) in the
90-day repeated dosage test using rats (both male and female).

Aspiration hazard

“Classification not possible” as no information available.
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12. Ecological Information
Ecotoxicity/Fish toxicity

Aquatic hazard (acute)

Component A LC50: 28.7 ppm (“Himedaka” 96 hours)
Component D LC50:10,000mg/L or more(“Fathead minnow”96hours)
Based on description on each component, we judged the material to be
“Category 3”.
Fish (Brachydanio rerio) LC50 (96hr) = 56.2mg/liter 5)
Fish (Lepomis macrochirus) LC50 (96hr) = 180mg/liter5)
Fish (Pimephales promelas) LC50 (96hr) = 98mg/liter5)
Fish according to OECD (Poecilia reticulate) LC50 (96hr) = 30 mg/liter5)
Fish (Fathead minnow) LC50 (96hr) = 51mg/liter5)
Fish (Bluegill sunfish) LC50 (96hr) = 180mg/liter6)
Shellfish according to OECD 202 (Daphnia magna) EC 50 (48 hr) = 65 to
335mg/liter, 63mg/liter5)
Shellfish according to OECD(Daphnia magna) LC 50 (48hr) =
131mg/liter5),6)
Algae (Scenedesmus subspicatus) EC 50 (72hr) = 45mg/liter5)
Algae according to OECD 201(Scenedesmus subspicatus) EC 50 (96hr) =
41 to 55mg/liter5)
Algae according to OECD 201(Scenedesmus capricornutum) EC 50
(96hr) = 57 to 97mg/liter5)
Algae according to OECD 201(Scenedesmus capricornutum) EC 50
(96hr) = 73mg/liter5),6)

Aquatic hazard (chronic)

13. Disposal Considerations
Residual Waste Disposal

Based on description on each component, we judged the material to be
“Category 3”.
Component D: Large water flea NOAEL/22d:0.5mg/liter or more
(reproductive test)

-

Contaminated
Container/Package

-

-

14. Transport Information
International regulation:

UN Classification
UN Number

Have a waste disposer authorized by municipal governor undertake
disposal of residual wastes.
When the waste disposer undertakes the task, be sure to have the
disposer thoroughly understand hazardousness and toxicity of the
residual wastes.
Containers shall be cleaned for recycling, or disposed of in appropriate
manners in accordance with applicable laws and local municipality‘s
regulations.
When disposing of an empty used container, remove the contents
completely.

For Air transportation, follow requirements of ICAO/IATA, and for sea
transportation, follow requirements of IMDG.
Not applicable
Not applicable
9

14. Transport Information
Domestic regulations:
Land transportation

(continued)
Follow transportation rules provided in Fire Service Act, Industrial Safety and
Health Act, Road Trucking Vehicle Act, etc.

Sea transportation

Follow transportation rules provided in Ship Safety Act.

Air transportation

Follow transportation rules provided in Civil Aeronautics Act.

Special safety measures:

Prior to transportation, make sure that there is no leakage from the container
and that signs and marking are properly placed. Load up the cargoes properly
so that they will not be overturned, dropped, collapsed or damaged during
transportation.

Fire Service Act:

As the material belongs to Hazardous material Group 4 the 4th Petroleum of
Fire Service Act, follow the requirements of the law when selecting containers
and loading the cargoes.

Emergency Measures Guide 171
No.
15 Regulatory Information
:
Controlled substance by Foreign Exchange Law Trichloropropylphosphate is a substance controlled
and Foreign Trade Law
as a Catch All regulated substance.
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Other Information
Reference List:
1)

Urethane Materials Industry Association: Outline of Polyurethane Industries (2005)

2)

Urethane Materials Industry Association: Polyurethane Material – Guidance to safe handling (2008)

3)

Urethane Materials Industry Association: Control Guidance for transportation of polyol (PPG) (2008)

4)

Environmental Health Criteria No.209 (1998)

5)

International Uniform Chemical Information Database (2008)

6)

Organization for Economic Cooperation and Development Screening Information Data Set

Notes:
The text of this MSDS is prepared based on data, knowledge and information available at the time of
preparation or revision. Therefore, the text is subject to change and supplementation whenever new
knowledge and experiment results become available. Neither of the figures included in this MSDS
such as and physicochemical properties are for guarantee.
Cautions recommended in this MSDS are subject to general handling. If specific and special handling
procedures are required, determine appropriate safety standards/requirements for such specific and
special handling of the material under the user’s own responsibility.

Product name: Achilles Airlon-R, Component R (TS-300NF)

Prepared on May 31, 2012

MSDS No.:
10

ACHILLES CORPORATION
MATERIAL SAFETY DATA SHEET (MSDS)
MSDS No.
1.

Chemical Name and
Company
Information

May 16, 2012
Product Name
Company Name
Address
Dept. in charge
Telephone Number
Facsimile Number
Emergency Telephone

:
:
:
:
:
:
:

Achilles Airlon-FR-NF, Component R (TZ-305NFA)
Achilles Corporation
22 Daikyo-cho, Shinjuku-ku, Tokyo, Japan
Insulation Materials Sales
+81-3-5379-4574
+81-3-5379-4909
+81-284-73-9326

2. Hazard Identification
GHS Classification:
Physical Hazard:
Not applicable
- Explosives
Not applicable
- Flammable gases
Not applicable
- Flammable aerosols
Not applicable
- Oxidized gases
Not applicable
- Gases under pressure
Not classified
- Flammable liquids
Not applicable
- Flammable solids
Not applicable
- Self-reactive substance and mixture
Not classified
- Pyrophoric liquids
Not applicable
- Pyrophoric solids
Classification not possible
- Self-heating substances and mixtures
- Substance and mixtures which, in contact with water, emit Not applicable
flammable gases
Not applicable
- Oxidizing liquids
Not applicable
- Oxidizing solids
Not applicable
- Organic peroxides
Classification not possible
- Corrosion to metals
Health Hazards:
- Acute toxicity (oral)
- Acute toxicity (dermal)
- Acute toxicity (gases)
- Acute toxicity (vapors)
- Acute toxicity (dust, mist)
- Skin corrosion/irritation
- Serious eye damage/eye irritation
- Respiratory sensitization
- Skin sensitization
- Germ cell mutagenicity
- Carcinogenicity
- Reproductive toxicity
- Specific target organ toxicity (single exposure)
- Specific target organ toxicity (repeated exposure)
- Aspiration hazard

Classification not possible
Classification not possible
Not applicable
Classification not possible
Classification not possible
Category 2
Category 1
Classification not possible
Classification not possible
Classification not possible
Classification not possible
Category 1
Not classified
Category 2
Classification not possible
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2. Hazard Identification (continued)
Environmental Hazards:
- Aquatic hazards (acute)
- Aquatic hazards (chronic)
Label elements:
Symbol:

Classification not possible
Classification not possible

Signal word : DANGER
Hazard Statement:
- Causes skin irritation
- Causes serious eye damage
- May damage fertility or the unborn child
- May cause damage to organs through prolonged or repeated exposure
Cautionary statements:
[Safety measures]
- Carefully read the MSDS before handling the material.
- Do not drink/eat foods or smoke while using this material.
- Do not take in, inhale, or let eyes and skin touch the material. Wear appropriate protective equipment such
as protective glasses, gloves and masks while handling the material.
- Carefully wash hands after handling.
- Avoid inhalation of vapor.
- Do not take out contaminated working clothes from the work site.
- Avoid exposure of the material to environment.
- Do not use the material near a fire source.
[First aid]
- Inhalation: Move to a place filled with fresh air and stay there at rest in a posture easy to breath.
- Ingestion: Immediately wash inside the mouth with water. Do not forcibly vomit.
- Eye contact: Thoroughly wash the eyes with clean water. When contact lenses are worn, remove them if
not difficult to do so, and continue washing the eyes with water.
- Skin contact: Thoroughly wash with soap and a large volume of water. Immediately take off the
contaminated clothing.
- Thoroughly wash contaminated working clothes before using them again.
- In case of exposure or possible exposure to the material, seek medical assistance.
- When feeling physically sick, consult a doctor.
- In case of fire, initially extinguish it with either dry powder, CO2 or foam extinguisher. When the fire
spreads, extinguish it with a large amount of spray water.
- In case of leakage, first collect the spill into a container as much as possible. Prevent the spillage from
flowing into drainage trenches, etc. by embanking the spillage with soil/sand or equivalent. Dispose of the
recovered spill in accordance with cautions for disposal.
[Storage]
- Store the material in airtight containers and keep the containers in a well-ventilated and locked storage at
around 20 deg. C.
- When stored outdoors, cover the containers with waterproof sheets to prevent infiltration of rainwater.
- Keep fire away from the storage area.
[Disposal]
- Have a waste disposer authorized by municipal governor undertake disposal of recovered material and its
container.
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-

3.

Composition /
Information on
ingredients

Pure or Mixture

Mixture

Components and
contained amount

Polyol 55 to 65 %
Trichloropropylphosphate 20 to 30%
Amine catalyst 10% or smaller
Others 10% or smaller

AECS*) No.

Existing or nondisclosure

ISHA**) No.

Existing

Hazardous Ingredients
and impurity

Amine catalyst, Trichloropropylphosphate

AECS*): Act on the Evaluation of Chemical Substances and Regulation of Their Manufacture, etc.
ISHA**): Industrial Safety and Health Act
First Aid Measures
Inhalation:
- Move to a place filled with fresh air and stay there at rest in a posture easy to
breath.
- Immediately consult a doctor.
- When breathing is stopped, loosen clothes and establish an airway, then give
artificial respiration.
- When coughing or producing sputum persists, immediately consult a doctor.

Notes:
4.

Skin contact:

-

Thoroughly wash with soap and a large volume of water.
Take off all the contaminated clothes.
When the skin irritates, rash develops or feeling sick, consult a doctor.
Thoroughly wash contaminated working clothes before using them again.

Eye contact:

-

Even if the amount in contact with eyes is small, thoroughly wash the eyes
with clean water for at least 15 minutes, and consult a doctor.
When contact lenses are worn, remove them if not difficult to do so, and
continue washing the eyes with water.
When eye irritation persists, consult a doctor.

Ingestion:

-

5.

Immediately wash inside the mouth with water, and take in water or milk of
250ml to dilute the ingested matter. Do not forcibly vomit the diluted matter.
When becoming unconscious, do not take in anything through the mouth.
Immediately consult a doctor for treatment including washing stomach.

Fire Fighting Measures -

Suitable extinguishing media: Powdered dry chemical, CO2, foam, spray
water
- Unsuitable extinguishing media: Water jet
Specific fire extinguishing method:
- Use CO2 or powdered dry chemical for initial fire fighting.
- When the fire spreads, extinguish it with a large amount of spray water.
- Wet the drums with spray water to prevent the drums from catching fire and
blowing up.
Special protective equipment and precautions for fire-fighters :
- When fighting a fire, wear a self-contained breathing apparatus and other
protection equipment, as hazardous vapor can generate.
- Wear appropriate protective equipment such as protective glasses, gloves
and masks.
- Fight a fire from windward side as much as practicable to avoid intake of
toxic gas.
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6.

Accidental release measures
Personal precautions , protective
Other than people wearing appropriate protection equipment,
equipment and emergency procedures: evacuate all people from the leakage. Secure ventilation of the place
where leakage occurred.
Environmental precautions:
Methods
and
materials
containment and cleaning up:

Do not release the spillage directly to rivers or sewage system.
for -

-

7.

Handling and Storage
Precautions for safe handling:
Technical measures

-

When a large amount is spilled, prevent the spillage from
flowing into drainage trenches, etc. by embanking the spillage
with soil/sand or equivalent. Dispose of the recovered spill in
accordance with cautions for disposal.
Dispose of the container used for collection of spillage in
accordance with cautions in Sec. 13.Disposal Procedures.

Take countermeasures in Sect. 8. “Exposure Prevention and
Protection! and wear protective equipment.
Install local exhaust equipment where the material is handled
indoors.

Local/Total exhaust

-

Install local/total exhaust equipment in accordance with Sect.
8. “Exposure Prevention and Protection.”

General cautions:

-

Carefully read the MSDS before handling the material.
Do not touch, inhale or intake the material.
Carefully wash hands after handling.
Handle the material only outdoors or indoors provided with
appropriate ventilation.
Do not take out contaminated working clothes from the work
site.
Do not drink/eat foods or smoke while using the material.

Safe handling precautions:

-

-

Substances that should not
be in contact with the material:

Always have sufficient number of protecting equipment and
sufficient quantities of neutralization agent ready for
emergency.
Handle the container with care to avoid over-turning or
dropping.

Refer to Sect. 10.”Stability and Reactivity.”

Conditions for safe storage , including
any incompatibilities:
Technical handling:
-

Indoor storage shall be of fireproofing construction and well
ventilated.
Flooring material shall be non-absorbing type.
Appropriate light letting-in and lighting equipment shall be
installed.
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7.

Handling and Storage
(continued)
Conditions for safe storage , including
any incompatibilities:
Appropriate storage site:
- Store the material in airtight containers and keep the
containers in a well-ventilated and cooled place.
- Store the containers in a lockable storage.
- Displace vapor in the gaseous phase with nitrogen gas or dry
air (due point to be -30 deg. C or lower) before storage.
- Post caution signs such as “Flammable – Keep Fire Away”
and “Unauthorized Personnel. Off limits.”
.
Hazardous material when mixed
Refer to Sect. 10. “Stability and Reactivity.”
Packaging material

8.

Exposure Controls/Personal
Protection:
Appropriate engineering controls

Individual protection measures,such
as personal protective equipment:
- For respiratory organ
-

For Hands
For eyes
For skin and body

Hygiene measures:

Use containers specified by the Fire Service Act and UN
Transportation regulations.

-

Facilities where the material is handled shall be of tightly
sealed construction. Local exhaust equipment or other
suitable means for ventilation shall be installed near the
place where vapor or mist of the material is generated.

-

When handling the material, wear appropriate protection
equipment. Install eye washing and body washing equipment
near the place where the material is handled.

-

Flooring material shall be non-absorbing type.

Air-breathing apparatus JIS T 8155, Air-supplied respirator
JIS T 8153
Rubber or plastic protective gloves (impermeable)
Protective glasses with side protective cover plates
Long sleeve working clothes and safety shoes
-

Carefully wash hands after handling.
Do not take out contaminated working clothes form the
work site.
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9.

Physical/Chemical Properties
Appearance
Odor
pH
Boiling point
Flash point
Explosion limits
Vapor pressure
Vapor density (air = 1)
Relative density
Solubility
Octanol/water partition coefficient
Auto-ignition temperature
Decomposition temperature
Viscosity

10. Stability and Reactivity
Chemical Stability:

Reactivity:

Dark red liquid
Amine –like odor
8 to 9
Approx. 160deg.C
Cannot be measured
No data available
No data available
No data available
Approx. 1.15 (@25deg.C)
Soluble in a number of organic solvents such as alcohol,
methylene chloride, esters, ketone, and aromatic solvents.
No data available
No data available
No data available
500 to 1200 m･Pa-s (@25deg.C)

-

Chemically stable against light, heat and impact under normal handling
conditions.

-

Reacts with strong oxidants. Danger.

11. Toxicological Information
Acute toxicity (oral):

Data on the material not available
“Classification not possible” as no information available.
However, the material contains less than 30% of trichloropropylphosphate
corresponding to Category 4.
Trichloropropylphosphate, tested as per OECD oral toxicity test using rats
(female), show LD50 = 1,078 mg/kg.

Acute toxicity:( dermal)

“Classification not possible” as no information available.
However, the material contains 3% of Component B corresponding to
Category 3 and less than 30% of trichloropropylphosphate corresponding
to Category 4.
Trichloropropylphosphate shows the following percutaneous toxicity test
results:
- Rats : LD50 ≧ 5,000mg/kg 4),5)
- Rabbits: LD50 ≧ 5,000mg/kg 4),5)
- Rabbits: LD50 ≧ 2,000mg/kg 5),6)
- Rabbits: LD50 = 1,260, 1,230-3,240mg/kg.6)

Acute toxicity (gases)

Since the material is a liquid, we judged the material to be “Not
applicable”

Acute toxicity (vapors)

“Classification not possible” as no information available.
However, the material contains less than 30% of trichloropropylphosphate
corresponding to Category 3.

Acute toxicity (dust, mist)

“Classification not possible” as no information available.
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11. Toxicological Information
Skin corrosion, irritation

Serious
irritation

eye

(continued)
Base on description on each component, we judged the material to be
“Category 2”.
The material contains Component B (severe skin burns ) corresponding to
Category 1A and Component C,D,E,F (mild skin irritation) corresponding
to Category 3.

damage/eye Base on description on each component, we judged the material to be
“Category 1”.
The material contains Component B (serious eye damage) corresponding
to Category 1, Component D,E,F(severe eye irritation) corresponding to
Category 2, Component C corresponding to Category 2B and Component
G corresponding to Category 2A.

Respiratory sensitization

“Classification not possible” as no information available.

Skin sensitization

“Classification not possible” as no information available.

Germ cell mutagenicity

“Classification not possible” as no information available.

Carcinogenicity

“Classification not possible” as no information available.

Reproductive toxicity

Base on description on each component, we judged the material to be
“Category 1”.

Specific target organ toxicity Base on description on each component, we judged the material to be
“Not Classified”.
(single exposure)
Specific target organ toxicity
(repeated exposure)

Base on description on each component, we judged the material to be
“Category 2”.
The material contains 10% or more of trichloropropylphosphate
corresponding to Category 2.

Aspiration hazard

“Classification not possible” as no information available.
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12. Ecological Information
Ecotoxicity/Fish toxicity
Aquatic hazard (acute)

Component G

LC50: 28.7 ppm (“Himedaka” 96 hours)

“Classification not possible” as no information available.
However, the material contains Component G corresponding to Category
3.
Trichloropropylphosphate shows the following aquatic environment
toxicity test results:
Fish (Brachydanio rerio) LC50 (96hr) = 56.2mg/liter 5)
Fish (Lepomis macrochirus) LC50 (96hr) = 180mg/liter5)
Fish (Pimephales promelas) LC50 (96hr) = 98mg/liter5)
Fish according to OECD (Poecilia reticulate) LC50 (96hr) = 30
mg/liter5)
Fish (Fathead minnow) LC50 (96hr) = 51mg/liter5)
Fish (Bluegill sunfish) LC50 (96hr) = 180mg/liter6)
Shellfish according to OECD 202 (Daphnia magna) EC 50 (48 hr) = 65
to 335mg/liter, 63mg/liter5)
Shellfish according to OECD(Daphnia magna) LC 50 (48hr) =
131mg/liter5),6)
Algae (Scenedesmus subspicatus) EC 50 (72hr) = 45mg/liter5)
Algae according to OECD 201(Scenedesmus subspicatus) EC 50
(96hr) = 41 to 55mg/liter5)
Algae according to OECD 201(Scenedesmus capricornutum) EC 50
(96hr) = 57 to 97mg/liter5)
Algae according to OECD 201(Scenedesmus capricornutum) EC 50
(96hr) = 73mg/liter5),6)

Aquatic hazard (chronic)
13. Disposal Considerations
Residual Waste Disposal

“Classification not possible” as no information available.

-

Contaminated
Container/Package

-

-

Have a waste disposer authorized by municipal governor undertake
disposal of residual wastes.
When the waste disposer undertakes the task, be sure to have the
disposer thoroughly understand hazardousness and toxicity of the
residual wastes.
Containers shall be cleaned for recycling, or disposed of in
appropriate manners in accordance with applicable laws and local
municipality‘s regulations.
When disposing of an empty used container, remove the contents
completely.
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14. Transportation Information
International regulation:
UN Classification
UN Number
Domestic regulations:
Land transportation

For Air transportation, follow requirements of ICAO/IATA, and for sea
transportation, follow requirements of IMDG.
Not applicable
Not applicable

Follow transportation rules provided in Fire Service Act, Industrial Safety
and Health Act, Road Trucking Vehicle Act, etc.

Sea transportation

Follow transportation rules provided in Ship Safety Act.

Air transportation

Follow transportation rules provided in Civil Aeronautics Act.

Special safety measures:

Prior to transportation, make sure that there is no leakage from the container
and that signs and marking are properly placed. Load up the cargoes
properly so that they will not be overturned, dropped, collapsed or damaged
during transportation.

Fire Service Act:

As the material belongs to Hazardous material Group 4 the 4th Petroleum of
Fire Service Act, follow the requirements of the law when selecting
containers and loading the cargoes.

Emergency Measures Guide
No.

171

15. Regulatory Information
:
Controlled substance by Foreign Exchange Law Trichloropropylphosphate is a substance controlled as
and Foreign Trade Law
a Catch All regulated substance.
Fire Service Act
16.

Group 4 the 3th Petroleum

Other Information
Reference List:
1)

Urethane Materials Industry Association: Outline of Polyurethane Industries (2005)

2)

Urethane Materials Industry Association: Polyurethane Material – Guidance to safe handling (2008)

3)

Urethane Materials Industry Association: Control Guidance for transportation of polyol (PPG) (2008)

4)

Environmental Health Criteria No.209 (1998)

5)

International Uniform Chemical Information Database (2008)

6)

Organization for Economic Cooperation and Development Screening Information Data Set
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Notes:
The text of this MSDS is prepared based on data, knowledge and information available at the time of
preparation or revision. Therefore, the text is subject to change and supplementation whenever new
knowledge and experiment results become available. Neither of the figures included in this MSDS
such as and physicochemical properties are for guarantee.
Cautions recommended in this MSDS are subject to general handling. If specific and special handling
procedures are required, determine appropriate safety standards/requirements for such specific and
special handling of the material under the user’s own responsibility.

Product name: Achilles Airlon-R, Component R (TZ-305NFA)

Prepared on May 16, 2012

MSDS No.:
10

ACHILLES CORPORATION
MATERIAL SAFETY DATA SHEET (MSDS)
MSDS No.
1.

Chemical Name and
Company
Information

July 2, 2012
Product Name
Company Name
Address
Dept. in charge
Telephone Number
Facsimile Number
Emergency Telephone

:
:
:
:
:
:
:

Achilles Airlon-FR-NF, Component R (TZ-305NFS)
Achilles Corporation
22 Daikyo-cho, Shinjuku-ku, Tokyo, Japan
Insulation Materials Sales
+81-3-5379-4574
+81-3-5379-4909
+81-284-73-9326

2. Hazard Identification
GHS Classification:
Physical Hazard:
Not applicable
- Explosives
Not applicable
- Flammable gases
Not applicable
- Flammable aerosols
Not applicable
- Oxidized gases
Not applicable
- Gases under pressure
Not classified
- Flammable liquids
Not applicable
- Flammable solids
Not applicable
- Self-reactive substance and mixture
Not classified
- Pyrophoric liquids
Not applicable
- Pyrophoric solids
Classification not possible
- Self-heating substances and mixtures
- Substance and mixtures which, in contact with water, emit Not applicable
flammable gases
Not applicable
- Oxidizing liquids
Not applicable
- Oxidizing solids
Not applicable
- Organic peroxides
Classification not possible
- Corrosion to metals
Health Hazards:
- Acute toxicity (oral)
- Acute toxicity (dermal)
- Acute toxicity (gases)
- Acute toxicity (vapors)
- Acute toxicity (dust, mist)
- Skin corrosion/irritation
- Serious eye damage/eye irritation
- Respiratory sensitization
- Skin sensitization
- Germ cell mutagenicity
- Carcinogenicity
- Reproductive toxicity
- Specific target organ toxicity (single exposure)
- Specific target organ toxicity (repeated exposure)
- Aspiration hazard

Classification not possible
Classification not possible
Not applicable
Classification not possible
Classification not possible
Category 2
Category 1
Classification not possible
Classification not possible
Classification not possible
Classification not possible
Category 1
Not classified
Category 2
Classification not possible
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2. Hazard Identification (continued)
Environmental Hazards:
- Aquatic hazards (acute)
- Aquatic hazards (chronic)
Label elements:
Symbol:

Classification not possible
Classification not possible

Signal word : DANGER
Hazard Statement:
- Causes skin irritation
- Causes serious eye damage
- May damage fertility or the unborn child
- May cause damage to organs through prolonged or repeated exposure
Cautionary statements:
[Safety measures]
- Carefully read the MSDS before handling the material.
- Do not drink/eat foods or smoke while using this material.
- Do not take in, inhale, or let eyes and skin touch the material. Wear appropriate protective equipment such
as protective glasses, gloves and masks while handling the material.
- Carefully wash hands after handling.
- Avoid inhalation of vapor.
- Do not take out contaminated working clothes from the work site.
- Avoid exposure of the material to environment.
- Do not use the material near a fire source.
[First aid]
- Inhalation: Move to a place filled with fresh air and stay there at rest in a posture easy to breath.
- Ingestion: Immediately wash inside the mouth with water. Do not forcibly vomit.
- Eye contact: Thoroughly wash the eyes with clean water. When contact lenses are worn, remove them if
not difficult to do so, and continue washing the eyes with water.
- Skin contact: Thoroughly wash with soap and a large volume of water. Immediately take off the
contaminated clothing.
- Thoroughly wash contaminated working clothes before using them again.
- In case of exposure or possible exposure to the material, seek medical assistance.
- When feeling physically sick, consult a doctor.
- In case of fire, initially extinguish it with either dry powder, CO2 or foam extinguisher. When the fire
spreads, extinguish it with a large amount of spray water.
- In case of leakage, first collect the spill into a container as much as possible. Prevent the spillage from
flowing into drainage trenches, etc. by embanking the spillage with soil/sand or equivalent. Dispose of the
recovered spill in accordance with cautions for disposal.
[Storage]
- Store the material in airtight containers and keep the containers in a well-ventilated and locked storage at
around 20 deg. C.
- When stored outdoors, cover the containers with waterproof sheets to prevent infiltration of rainwater.
- Keep fire away from the storage area.
[Disposal]
- Have a waste disposer authorized by municipal governor undertake disposal of recovered material and its
container.

2

-

3.

Composition /
Information on
ingredients

Pure or Mixture

Mixture

Components and
contained amount

Polyol 55 to 65 %
Trichloropropylphosphate 20 to 30%
Amine catalyst 10% or smaller
Others 10% or smaller

AECS*) No.

Existing or nondisclosure

ISHA**) No.

Existing

Hazardous Ingredients
and impurity

Amine catalyst, Trichloropropylphosphate

AECS*): Act on the Evaluation of Chemical Substances and Regulation of Their Manufacture, etc.
ISHA**): Industrial Safety and Health Act
First Aid Measures
Inhalation:
- Move to a place filled with fresh air and stay there at rest in a posture easy to
breath.
- Immediately consult a doctor.
- When breathing is stopped, loosen clothes and establish an airway, then give
artificial respiration.
- When coughing or producing sputum persists, immediately consult a doctor.

Notes:
4.

Skin contact:

-

Thoroughly wash with soap and a large volume of water.
Take off all the contaminated clothes.
When the skin irritates, rash develops or feeling sick, consult a doctor.
Thoroughly wash contaminated working clothes before using them again.

Eye contact:

-

Even if the amount in contact with eyes is small, thoroughly wash the eyes
with clean water for at least 15 minutes, and consult a doctor.
When contact lenses are worn, remove them if not difficult to do so, and
continue washing the eyes with water.
When eye irritation persists, consult a doctor.

Ingestion:

-

5.

Immediately wash inside the mouth with water, and take in water or milk of
250ml to dilute the ingested matter. Do not forcibly vomit the diluted matter.
When becoming unconscious, do not take in anything through the mouth.
Immediately consult a doctor for treatment including washing stomach.

Fire Fighting Measures -

Suitable extinguishing media: Powdered dry chemical, CO2, foam, spray
water
- Unsuitable extinguishing media: Water jet
Specific fire extinguishing method:
- Use CO2 or powdered dry chemical for initial fire fighting.
- When the fire spreads, extinguish it with a large amount of spray water.
- Wet the drums with spray water to prevent the drums from catching fire and
blowing up.
Special protective equipment and precautions for fire-fighters :
- When fighting a fire, wear a self-contained breathing apparatus and other
protection equipment, as hazardous vapor can generate.
- Wear appropriate protective equipment such as protective glasses, gloves
and masks.
- Fight a fire from windward side as much as practicable to avoid intake of
toxic gas.
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6.

Accidental release measures
Personal precautions , protective
Other than people wearing appropriate protection equipment,
equipment and emergency procedures: evacuate all people from the leakage. Secure ventilation of the place
where leakage occurred.
Environmental precautions:
Methods
and
materials
containment and cleaning up:

Do not release the spillage directly to rivers or sewage system.
for -

-

7.

Handling and Storage
Precautions for safe handling:
Technical measures

-

When a large amount is spilled, prevent the spillage from
flowing into drainage trenches, etc. by embanking the spillage
with soil/sand or equivalent. Dispose of the recovered spill in
accordance with cautions for disposal.
Dispose of the container used for collection of spillage in
accordance with cautions in Sec. 13.Disposal Procedures.

Take countermeasures in Sect. 8. “Exposure Prevention and
Protection! and wear protective equipment.
Install local exhaust equipment where the material is handled
indoors.

Local/Total exhaust

-

Install local/total exhaust equipment in accordance with Sect.
8. “Exposure Prevention and Protection.”

General cautions:

-

Carefully read the MSDS before handling the material.
Do not touch, inhale or intake the material.
Carefully wash hands after handling.
Handle the material only outdoors or indoors provided with
appropriate ventilation.
Do not take out contaminated working clothes from the work
site.
Do not drink/eat foods or smoke while using the material.

Safe handling precautions:

-

-

Substances that should not
be in contact with the material:

Always have sufficient number of protecting equipment and
sufficient quantities of neutralization agent ready for
emergency.
Handle the container with care to avoid over-turning or
dropping.

Refer to Sect. 10.”Stability and Reactivity.”

Conditions for safe storage , including
any incompatibilities:
Technical handling:
-

Indoor storage shall be of fireproofing construction and well
ventilated.
Flooring material shall be non-absorbing type.
Appropriate light letting-in and lighting equipment shall be
installed.
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7.

Handling and Storage
(continued)
Conditions for safe storage , including
any incompatibilities:
Appropriate storage site:
- Store the material in airtight containers and keep the
containers in a well-ventilated and cooled place.
- Store the containers in a lockable storage.
- Displace vapor in the gaseous phase with nitrogen gas or dry
air (due point to be -30 deg. C or lower) before storage.
- Post caution signs such as “Flammable – Keep Fire Away”
and “Unauthorized Personnel. Off limits.”
.
Hazardous material when mixed
Refer to Sect. 10. “Stability and Reactivity.”
Packaging material

8.

Exposure Controls/Personal
Protection:
Appropriate engineering controls

Individual protection measures,such
as personal protective equipment:
- For respiratory organ
-

For Hands
For eyes
For skin and body

Hygiene measures:

Use containers specified by the Fire Service Act and UN
Transportation regulations.

-

Facilities where the material is handled shall be of tightly
sealed construction. Local exhaust equipment or other
suitable means for ventilation shall be installed near the
place where vapor or mist of the material is generated.

-

When handling the material, wear appropriate protection
equipment. Install eye washing and body washing equipment
near the place where the material is handled.

-

Flooring material shall be non-absorbing type.

Air-breathing apparatus JIS T 8155, Air-supplied respirator
JIS T 8153
Rubber or plastic protective gloves (impermeable)
Protective glasses with side protective cover plates
Long sleeve working clothes and safety shoes
-

Carefully wash hands after handling.
Do not take out contaminated working clothes form the
work site.
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9.

Physical/Chemical Properties
Appearance
Odor
pH
Boiling point
Flash point
Explosion limits
Vapor pressure
Vapor density (air = 1)
Relative density
Solubility
Octanol/water partition coefficient
Auto-ignition temperature
Decomposition temperature
Viscosity

10. Stability and Reactivity
Chemical Stability:

Reactivity:

Dark red liquid
Amine –like odor
8 to 9
Approx. 160deg.C
Cannot be measured
No data available
No data available
No data available
Approx. 1.15 (@25deg.C)
Soluble in a number of organic solvents such as alcohol,
methylene chloride, esters, ketone, and aromatic solvents.
No data available
No data available
No data available
500 to 1200 m･Pa-s (@25deg.C)

-

Chemically stable against light, heat and impact under normal handling
conditions.

-

Reacts with strong oxidants. Danger.

11. Toxicological Information
Acute toxicity (oral):

Data on the material not available
“Classification not possible” as no information available.
However, the material contains less than 30% of trichloropropylphosphate
corresponding to Category 4.
Trichloropropylphosphate, tested as per OECD oral toxicity test using rats
(female), show LD50 = 1,078 mg/kg.

Acute toxicity:( dermal)

“Classification not possible” as no information available.
However, the material contains 3% of Component B corresponding to
Category 3 and less than 30% of trichloropropylphosphate corresponding
to Category 4.
Trichloropropylphosphate shows the following percutaneous toxicity test
results:
- Rats : LD50 ≧ 5,000mg/kg 4),5)
- Rabbits: LD50 ≧ 5,000mg/kg 4),5)
- Rabbits: LD50 ≧ 2,000mg/kg 5),6)
- Rabbits: LD50 = 1,260, 1,230-3,240mg/kg.6)

Acute toxicity (gases)

Since the material is a liquid, we judged the material to be “Not
applicable”

Acute toxicity (vapors)

“Classification not possible” as no information available.
However, the material contains less than 30% of trichloropropylphosphate
corresponding to Category 3.

Acute toxicity (dust, mist)

“Classification not possible” as no information available.
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11. Toxicological Information
Skin corrosion, irritation

Serious
irritation

eye

(continued)
Base on description on each component, we judged the material to be
“Category 2”.
The material contains Component B (severe skin burns ) corresponding to
Category 1A and Component C,D,E,F (mild skin irritation) corresponding
to Category 3.

damage/eye Base on description on each component, we judged the material to be
“Category 1”.
The material contains Component B (serious eye damage) corresponding
to Category 1, Component D,E,F(severe eye irritation) corresponding to
Category 2, Component C corresponding to Category 2B and Component
G corresponding to Category 2A.

Respiratory sensitization

“Classification not possible” as no information available.

Skin sensitization

“Classification not possible” as no information available.

Germ cell mutagenicity

“Classification not possible” as no information available.

Carcinogenicity

“Classification not possible” as no information available.

Reproductive toxicity

Base on description on each component, we judged the material to be
“Category 1”.

Specific target organ toxicity Base on description on each component, we judged the material to be
“Not Classified”.
(single exposure)
Specific target organ toxicity
(repeated exposure)

Base on description on each component, we judged the material to be
“Category 2”.
The material contains 10% or more of trichloropropylphosphate
corresponding to Category 2.

Aspiration hazard

“Classification not possible” as no information available.
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12. Ecological Information
Ecotoxicity/Fish toxicity
Aquatic hazard (acute)

Component G

LC50: 28.7 ppm (“Himedaka” 96 hours)

“Classification not possible” as no information available.
However, the material contains Component G corresponding to Category
3.
Trichloropropylphosphate shows the following aquatic environment
toxicity test results:
Fish (Brachydanio rerio) LC50 (96hr) = 56.2mg/liter 5)
Fish (Lepomis macrochirus) LC50 (96hr) = 180mg/liter5)
Fish (Pimephales promelas) LC50 (96hr) = 98mg/liter5)
Fish according to OECD (Poecilia reticulate) LC50 (96hr) = 30
mg/liter5)
Fish (Fathead minnow) LC50 (96hr) = 51mg/liter5)
Fish (Bluegill sunfish) LC50 (96hr) = 180mg/liter6)
Shellfish according to OECD 202 (Daphnia magna) EC 50 (48 hr) = 65
to 335mg/liter, 63mg/liter5)
Shellfish according to OECD(Daphnia magna) LC 50 (48hr) =
131mg/liter5),6)
Algae (Scenedesmus subspicatus) EC 50 (72hr) = 45mg/liter5)
Algae according to OECD 201(Scenedesmus subspicatus) EC 50
(96hr) = 41 to 55mg/liter5)
Algae according to OECD 201(Scenedesmus capricornutum) EC 50
(96hr) = 57 to 97mg/liter5)
Algae according to OECD 201(Scenedesmus capricornutum) EC 50
(96hr) = 73mg/liter5),6)

Aquatic hazard (chronic)
13. Disposal Considerations
Residual Waste Disposal

“Classification not possible” as no information available.

-

Contaminated
Container/Package

-

-

Have a waste disposer authorized by municipal governor undertake
disposal of residual wastes.
When the waste disposer undertakes the task, be sure to have the
disposer thoroughly understand hazardousness and toxicity of the
residual wastes.
Containers shall be cleaned for recycling, or disposed of in
appropriate manners in accordance with applicable laws and local
municipality‘s regulations.
When disposing of an empty used container, remove the contents
completely.
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14. Transportation Information
International regulation:
UN Classification
UN Number
Domestic regulations:
Land transportation

For Air transportation, follow requirements of ICAO/IATA, and for sea
transportation, follow requirements of IMDG.
Not applicable
Not applicable

Follow transportation rules provided in Fire Service Act, Industrial Safety
and Health Act, Road Trucking Vehicle Act, etc.

Sea transportation

Follow transportation rules provided in Ship Safety Act.

Air transportation

Follow transportation rules provided in Civil Aeronautics Act.

Special safety measures:

Prior to transportation, make sure that there is no leakage from the container
and that signs and marking are properly placed. Load up the cargoes
properly so that they will not be overturned, dropped, collapsed or damaged
during transportation.

Fire Service Act:

As the material belongs to Hazardous material Group 4 the 4th Petroleum of
Fire Service Act, follow the requirements of the law when selecting
containers and loading the cargoes.

Emergency Measures Guide
No.

171

15. Regulatory Information
:
Controlled substance by Foreign Exchange Law Trichloropropylphosphate is a substance controlled as
and Foreign Trade Law
a Catch All regulated substance.
Fire Service Act
16.

Group 4 the 3th Petroleum

Other Information
Reference List:
1)

Urethane Materials Industry Association: Outline of Polyurethane Industries (2005)

2)

Urethane Materials Industry Association: Polyurethane Material – Guidance to safe handling (2008)

3)

Urethane Materials Industry Association: Control Guidance for transportation of polyol (PPG) (2008)

4)

Environmental Health Criteria No.209 (1998)

5)

International Uniform Chemical Information Database (2008)

6)

Organization for Economic Cooperation and Development Screening Information Data Set
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Notes:
The text of this MSDS is prepared based on data, knowledge and information available at the time of
preparation or revision. Therefore, the text is subject to change and supplementation whenever new
knowledge and experiment results become available. Neither of the figures included in this MSDS
such as and physicochemical properties are for guarantee.
Cautions recommended in this MSDS are subject to general handling. If specific and special handling
procedures are required, determine appropriate safety standards/requirements for such specific and
special handling of the material under the user’s own responsibility.

Product name: Achilles Airlon-R, Component R (TZ-305NFA)

Prepared on May 16, 2012

MSDS No.:
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