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2007 Polyol Handbook I. Introduction

The term “molded” refers to flexible urethane foams 
that expand to take the shape of a mold. A class of 
tri-functional polyols (triols) was developed to meet 
the special requirements of the molded polyurethane 
application. Foremost, the molded polyol must react 
quickly with the isocyanate to build a sturdy urethane 
network that not only fills the mold, but also cures 
enough for prompt removal from the mold. For this 
reason, molded polyols have substantial ethylene  
oxide (EO) at the end of the alkoxide polymer chain 
to facilitate faster urethane reactivity. The EO  
provides for a primary hydroxyl group at the end 
of the polymer chain versus a secondary hydroxyl 
group from an entirely propylene oxide polymer. 
When ethylene oxide is added to the end of the 
polypropylene glycol chain, we call this an EO-cap. 
This primary hydroxyl group is less hindered, thus 
improving the approach and reaction speed of the 
isocyanate molecule. 

Molded polyols are tri-functional polyols (triols) that 
range from 4500 to 6500 molecular weight (MW). 
Glycerin or trimethoylpropane (TMP) are the typical 
initiators in commercial triols. The functionality of the 

molded polyol encourages cross-linking that builds 
strength. The 4800 MW is high enough to provide 
flexibility in the finished polyurethane foam.  
Automotive seats and headrests are classic  
examples of molded polyurethane foams. 

A resin blend for molded polyurethane is traditionally 
composed of the molded polyols, blowing agents, 
chain extenders, surfactants and catalysts. Molding 
flexible polyurethane is generally a one-shot  
process. Pumps carefully meter the correct ratio of 
resin and isocyanate from separate holding tanks. 
A heat exchanger on each component controls the 
temperature of each component, thus ensuring  
consistent viscosity and mix. The dispensing  
equipment is designed for high-pressure,  
impingement mixing of the two feed streams. The 
isocyanate and resin components are mixed and 
dispensed at high speed into a cavity mold. The  
dispensing pressure and mold temperature are 
closely controlled. In less than one minute, the  
flexible foam will expand to fill the mold and take  
on its shape.

A. Molded

Polyether resins, known as polyols, are hydroxyl- 
functional polymers usually made from the reaction 
of propylene oxide (PO) and/or ethylene oxide (EO) 
with an initiator. The functionality of the initiator  
can range from 2 for a diol to 8 for a rigid polyol. 
Propylene oxide or ethylene oxide is added to the 
initiator until a predetermined molecular weight and 
alkoxide configuration is achieved. The hydroxyl-
functional polyols are reacted with aromatic or  
aliphatic diisocyanates to create polyurethane  
products such as foams, elastomers, sealants  
or adhesives. 

BASF’s commitment to the urethane industry goes 
back to the introduction of the Pluronic® series of 
block polymers of propylene oxide and ethylene  
oxide in the 1950s. Shortly after, the Pluracol® line  
of polyols was launched to meet the specific needs 
of urethane applications. Since then, BASF  
continues to change and adapt the family of  

Pluracol polyols to meet the changing demands 
of the urethane market. In particular, BASF invests 
heavily in developing the next generation of high- 
performance, graft polyols for the slab and molded 
foam markets. Today, BASF Corporation produces 
a full line of conventional and graft polyols for the 
Molded, Slab, Rigid and CASE markets. 

BASF’s polyether polyols are produced at two  
principal facilities in the United States: Geismar, 
Louisiana and Wyandotte, Michigan. Learn more 
about the Pluracol polyols and view the product lists, 
tech data sheets and MSDS information at  
the BASF Urethanes Web site: www.basf.com/ 
polyurethanes. For commercial or technical  
contacts, telephone Urethane Customer Service  
at (877) 297-3322 or fax (734) 324-6866. From 
Canada, contact (800) 881-4787. The Web site  
also offers a useful e-form for questions at http:// 
www.basf.com/urethanechemicals/contactus.html.

II. Polyol Classes and Uses
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B. Slab

Conventional slab polyols are usually 3000 to  
3500 MW triols. Some 1500 MW triols are also  
used for improved cross-linking and additional load-
building in the slab foam. The majority of slab polyols 
contain secondary hydroxyl groups stemming from 
propylene oxide caps. The various alkoxide  
configurations match the viscosities, reactivity and 
cellular structures required on the high-throughput 
slabstock machines. BASF slab polyols utilize a  
low-volatile inhibitor package. This prevents  
migration of the inhibitor during foam processing.

A basic slabstock machine is equipped with  
metering streams of polyols, isocyanate, activators 
and liquid CO2 or acetone. In general, polyol, silicone 
surfactant, catalysts and additives are premixed in a 
component manifold system. Water and isocyanate 
are blended with the resin in a high-shear mix  
chamber. The mechanical mixer is a pin (Christmas 
tree) or screwdriver tip mixer imparting high shear 
energy by close tolerance between the mixer  
element and the barrel. The liquid material is  

dispensed from the mix chamber and onto a plastic 
film supported by a series of stationary fall plates 
and sidewalls. At this point, the mixture begins to 
react (creams) and starts to expand. As the  
reacting foam travels down the tunnel it is shaped  
by the angle of the fall plates, the width of the  
sidewalls and the conveyor speed. After reaching 
maximum height, the foam block is carried along by 
a moving slat conveyor and sidewalls. Foam blocks 
generated by the slabstock machine range from  
1 to 2 meters wide with a maximum height of nearly 
1.2 meters. A vertical cut-off saw is used to chop the 
bun into appropriate sizes for storage in the curing 
room. The entire slab foam manufacturing process is 
continuous. After the buns are cured, test samples 
are cut using the horizontal and vertical fabrication 
saws similar in nature to cutting timber. The samples 
are tested for cell structure, density and the basic 
mechanical properties such as Indentation Load 
Deflection (ILD).

The CASE acronym refers to the polyurethane raw 
material segments of Coatings, Adhesives, Sealants  
and Elastomers. The CASE market encompasses  
the widest range of traditional and non-traditional 
urethane users. For example, downstream CASE 
products include urethane sealants and adhesives 
found on the shelves in hardware and home- 
improvement stores. CASE users make resinous  
additives for products ranging from running tracks  
to highly engineered optics. Given the diversity of 
customer uses, CASE polyols are often borrowed 
from the other urethane areas, especially molded 
polyols. To qualify as a CASE diol, triol or tetrol,  
the polyols need a water content below 0.05% and 
Na and K content below 5 ppm. These specifications 
meet the stricter requirements for isocyanate  
prepolymer manufacturing and the associated  
stability concerns. Above 2000 MW, many CASE 
polyols have an EO-cap, thus creating a primary 

C. CASE 

hydroxyl group. The unhindered EO-cap facilitates 
faster reactivity and better step-wise addition of 
polyol during the reaction of a 2-component  
urethane system. 

In the coatings area, customers use a mix of  
polyester and polyacrylic resins along with standard 
polyether diols. Some urethane coatings are actually 
an elastomeric membrane that uses higher molecular 
weight diols and triols. An adhesive formulator  
typically uses polyether and polyester diols that are 
2000 MW or less in order to achieve a rigid bonding 
structure. Although sealants are similar to adhesives, 
they require the flexibility and tear strength achieved 
with polyols above 3000 MW. All manner of resins 
and processing techniques are used in cast  
elastomers depending on the desired properties  
of the finished parts. Some elastomers are  
manufactured with FDA-approved raw materials  
under strict quality controls. 

D. Rigid

Polyether polyols for rigid polyurethane applications 
are typically low MW with a functionality of three  
or more. They may be initiated with sugars, amines 
or other compounds with active hydrogens. The 
ether portion is comprised of primarily propylene 
oxide units. Polyester polyols with a functionality of 
two or more are also commonly used in rigid foams. 
These polyesters are typically derived from phthalic 
or terphthalic acid or derivatives and excess  
glycols. Rigid foam is often produced on high-  
pressure, impingement-mixing equipment. BASF’s 
Autofroth® Brand or other pressurized cylinder  

delivery methods are also commonly used to  
dispense rigid polyurethane foams and are  
considerably less capital intensive than high-  
pressure machinery.

Rigid polyurethane foams are found in construction 
applications such as entry doors, garage doors and 
structural insulation panels (SIP). In the appliance 
market, rigid foams are found as the insulating  
material in refrigerators, freezers, water heaters or 
walk-in coolers. Other important applications include 
picnic coolers, floatation foam and flammability- 
rated building panels. 

Graft polyols, also referred to as copolymer polyols, 
are stable vinyl polymer dispersions suspended in a 
polyether polyol, which is also known as the carrier 
polyol. The bulk of the solid portion is composed 
of polymerized acrylonitrile and styrene monomers, 
which are generally in a weight ratio of 1:1 to 1:2. 
The polymerization is carried out in the carrier polyol 
in the presence of a free radical initiator, a chain 
transfer agent or reaction moderator and a  
macromer, a polyol functionalized with vinyl  
unsaturation and which is largely responsible for 
imparting storage-stability to the dispersion. Typical 
graft polyols contain up to 50% solids and are  
produced in continuous or semi-batch reactors. 
Graft polyols are generally white in color and have 
viscosities between 2,000 and 7,000 cps, depending 
on the level of solids. 

Graft polyols are employed in a wide array of foam 
applications including thermoformable, energy  
absorbing, high resilient, viscoelastic and  
conventional foams. The carrier polyol is largely 

E. Graft 

responsible for the properties a graft polyol imparts. 
In general, there are four basic graft categories: 
Molded, High Resilient, High Solids Conventional, 
and Thermoformable. Graft polyols are used to 
increase load-building (foam hardness) as well as for 
a processing aide by naturally building the reaction 
viscosity and by promoting cell opening. 

BASF has conducted research in graft polyols  
for 40 years. BASF’s first commercial graft polyol 
was produced in 1970. Over the years BASF has 
made many advancements in graft polyol  
technology, including advancements in the  
copolymer synthesis, which allowed the preparation 
of higher solids, whiter and more stable graft  
polyols. BASF graft polyol technology has allowed 
the preparation of high load-bearing slabstock foams 
and has opened the doors to new applications, such 
as carpet underlay. Today BASF continues to use 
its technology to develop new graft polyols that are 
designed to satisfy customers’ demanding foam 
performance requirements.

BASF manufactures and markets polytetramethylene 
glycol (PTMEG) resins under the trademark PolyTHF®. 
PolyTHF resins are commonly used in conjunction 
with polyether polyols to produce high-performance 
urethane systems. Information on the PolyTHF® polyol 

line can be accessed at: http://www.basf.com/ 
diols/bcdiolspolythf.html. At this time, BASF  
does not market hydroxyl-functional polyesters, 
polyacrylates, polycaprolactones or polybutadiene 
resins in the United States.

F. Other 

II. Polyol Classes and Uses (continued)
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IV. Polyol Quality

A. Material Safety

III. Product Regulatory 

The majority of conventional and graft polyether  
polyols are initiated with propylene glycol, glycerin 
or a sugar. Recall, these initiators are subsequently 
alkoxylated with ethylene oxide and/or propylene  
oxide to create the polyether resin. The Material  
Safety Data Sheet (MSDS) often describes the  
conventional polyether resin as a “polyglycols.”  
Polyglycols are generally considered a low hazard 
chemical. They receive an HMIS rating of [Health: 1, 
Fire: 0, Reactivity: 0, Special: NA]. The product  
does not present any reactivity or polymerization 
danger. Conventional polyols are non-corrosive with 
no known associated chronic effects. When handling 
polyols, basic safety rules should be followed. As 
with almost all industrial chemicals, one must avoid 
ingestion, eye or skin contact. Personal Protective 
Equipment (PPE) such as chemical-resistant gloves 
and tight-fitting chemical goggles are always  

recommended when handling and preparing polyol 
resins. If ventilation is inadequate, wear a NIOSH-
certified (or equivalent) organic vapor/particulate  
respirator. The OSHA regulations for respirators are 
listed under 29 CFR 1910.134. Refer to the MSDS 
for PPE information on your specific polyol(s). 

Certain Pluracol® polyols are initiated with an amine, 
such as ethylene diamine or toluene diamine. These 
amine-initiated polyols are also capped with  
ethylene oxide or propylene oxide. Most share the 
HMIS ratings of conventional polyols (1,0,0, NA),  
but some amine-initiated polyols, such as Quadrol® 
polyols, have an HMIS rating of [Health: 1, Fire: 1, 
Reactivity: 1, Special: NA]. When handling amine- 
initiated polyols the proper PPE should be worn. 
Again, refer to BASF’s MSDS for the recommended 
PPE for the specific polyol(s). 

B. Disposal Topics 

The safe handling of Pluracol polyols is an  
important consideration for all participants in the 
chain of custody. Additional Regulatory and Product 
Stewardship information on polyether polyols can  
be located in the Polyols Resin Blend Safety and 
Handling Guidelines (Technical Bulletin AX228):  
Alliance for the Polyurethane Industry.

Waste polyol must be incinerated in a licensed  
facility. Do not discharge waste polyol or other 
chemicals into waterways or sewer systems.  
Steel drums must be emptied as defined by RCRA, 
Section 261.7 or State regulation; whichever is more 
stringent. RCRA empty steel drums can be disposed 
through a licensed drum reconditioner,  

an approved scrap metal dealer or an approved 
landfill. Drums destined for a scrap dealer or landfill 
must be punctured or crushed to prevent reuse.

BASF has partnered with the National Container 
Group to offer an environmentally friendly return  
program for empty totes or intermediate bulk  
containers (IBCs). Within the continental United 
States, National Container will collect empty,  
serviceable IBCs that previously contained BASF 
products and have the “Container Max” label.  
The specific details of the IBC return program can 
be obtained from your BASF Urethanes customer 
service representative or account manager.

A. Basic Overview 

The BASF Technical Data Sheets state a storage  
life of 1-year for the polyol products if the  
material is unopened and stored below 130°F.  
The technical data sheets and certificate of  

The most important issue concerning polyols is how 
to maintain product quality. The common modes of 
product degradation are exposure to water, heat, 
or air. Dry nitrogen or dry air are commonly used to 
purge and pad vessels, trucks, totes and drums. 

CAUTION: The use of nitrogen or other inert gas 
to fill a confined space creates a suffocation 
hazard. A nitrogen atmosphere in a bulk vessel or 
tank truck is especially dangerous. Only trained 
staff with the appropriate respiratory equipment 
should work in or around a confined space, let 
alone one consisting of a nitrogen atmosphere. 

1. Air Exposure

Exposure of polyols to air overtime can result in 
product discoloration and increased acidity. This 
process happens faster in the presence of heat, light 
or mechanical shear. To minimize effects, the polyol 
should be stored in vessels padded using dry  
nitrogen instead of air. As explained in the tank  
engineering section (page 9), only a professional dry 
air system could be used in place of dry  
nitrogen to pad a tank. Amine-initiated polyols are 
more sensitive to discoloration from exposure to 
oxygen. Therefore they should be purged with dry 
nitrogen and sealed when not in use. 

2. Water Exposure 

i. Conventional Polyols 

Excess water contamination in a polyol can facilitate 
the CO2-blowing side-reaction in the urethane  
process. Water in conventional products can  
create a hazy in appearance (turbidity). The degree 
of turbidity depends on the amount of water  
contamination and the type of product. Most polyols 
have a 0.05% water maximum. If left open to the  
atmosphere, a sample of conventional polyol may 
rise to near 0.15% water by weight. 

B. Maintaining Product Quality 

analysis for the individual polyols provide a wealth  
of information on intrinsic properties, batch quality 
and storage recommendations. 

ii. Graft Polyols 

Water in graft products can result in coagulation, 
phase separation, and filtration plugs. The degree  
of coagulation depends on the amount of water  
contamination. Water contamination can also affect 
the reaction profile and product. 

3. Heat and Cold Exposure 

Although not recommended, exposing polyols to  
intense heat (temperatures > 200°F) can degrade 
and discolor the product. Conventional and graft 
polyols do not freeze at 32°F. However, cold  
temperatures will greatly increase the polyol  
viscosity making them more difficult to pump, pour 
and process. In addition, many polyols with high  
EO-content like Pluracol® 1477, will become  
hazy at lower temperatures. The turbidity at low 
temperature should not be confused with moisture 
contamination. Polyols with a high EO-content are 
particularly susceptible to cloudiness at low  
temperatures. Upon heating, the turbid, cold polyol 
will become clear again. Therefore, it is best to store 
the conventional products at room temperature. In 
order to help processing, many higher-viscosity rigid, 
conventional and graft polyols are heated to reduce 
viscosity. We recommend a maximum, long-term 
storage temperature of 130°F. But in practice, many 
resin systems are processed for short periods  
(1-day) at temperatures around 160°F. 

4. Others (Acid & Bases) 

Introducing alkaline substances (bases) to the  
product can increase product reactivity in a urethane 
reaction. Conversely, introducing acids will decrease 
the reactivity. Exposure to strong oxidizing acids may 
decompose the resin and reduce physical properties 
of the downstream products.
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VI. Polyol Engineering and Storage Tank Q&AV. Shipping and Packaging Information

Most Pluracol® polyols have a freight classification  
of “polypropylene glycol,” although some are listed 
as “polyglycols.” BASF uses 55-gallon, tight-head 
steel drums with one 2-inch threaded bung and one  
¾-inch threaded breather bung for packaging  
polyols. The drum threads are configured as National 
Pipe Straight (NPS). The Pluracol polyol drums are 
painted BASF blue (RAL 5010). BASF’s polyol drums 
are unlined steel construction and have two, W-style 
rolling hoops. The drums have a UN rating of  
1A1/Y1.8/300. Some of the Pluracol polyol drums 
may be remanufactured, however drums are  
professionally reconditioned to the specifications  
of new drums. The remanufactured 55-gallon tight 
head drum are rated UN1A1/Y1.2/100. The top  
head, bung fittings (2-inch and ¾-inch), and  
gaskets are replaced.

BASF commonly packages Pluracol polyols in  
275 gallon, intermediate bulk containers (IBCs),  
commonly referred to as totes. A 275-gallon tote  
of Pluracol polyol can weigh between 2100 and  
2400 lbs. The totes are made from blow-molded 
HDPE and have galvanized steel cages with an 
integrated pallet. The lower dispensing valve has a 
camlock, butterfly valve with a 2-inch threaded end 
cap. The caps are usually foil sealed, and the fittings 
have Santoprene® thermoplastic elastomer or EPDM  
gaskets. The IBCs are rated UN 31HA1/Y1.9/100.

BASF has partnered with the National Container 
Group to offer an environmentally friendly return  
program for empty totes or intermediate bulk  
containers (IBCs). Within the continental United 
States, National Container will collect empty,  
serviceable intermediate bulk containers (IBCs) that 
previously contained BASF products and have the 
“Container Max” label.  

A. Bulk Tanks FAQs

The specific details of the IBC return program can 
be obtained from your BASF Urethanes customer 
Service Representative or Account Manager. 

The typical 5,000-gallon tank wagon of Pluracol 
polyol weighs between 40,000 and 46,500 lbs.  
A rail car of polyol typically weighs 165,000 lbs.  
for a 20,000-gallon shipment. The vessels are  
padded with dry air or dry nitrogen to maintain a 
positive pressure and keep the polyol moisture free.  
CAUTION: The use of nitrogen or other  
inert gas to fill a confined space creates a  
suffocation hazard. 

Most tank wagons and rail cars are insulated and 
equipped with steam coils. During bulk shipments 
the polyol temperature may decrease. Truck  
shipments are able to maintain the product  
temperature with in-transit heating. Rail cars are  
usually unheated. During cold weather the product 
temperature is likely to drop despite in-transit  
heating. In order to keep the polyol viscosity low for 
delivery, the polyols are often loaded hot, straight 
from the plant. BASF attempts to deliver and unload 
most polyols in the 90° to 120°F range. Delivery  
temperature capabilities can be discussed with a 
BASF Account Manager or Customer Service  
Representative. Note: Some polyols, especially 
those with high ethylene oxide content, may  
exhibit a haze at low temperature. The haze  
will clear upon warming.

Polyol tank wagons and rail cars are offloaded with 
the pumps or air compressors equipped by the 
carrier. BASF suggests having an air-dryer in place 
with an air compressor. In limited cases, a driver and 
customer may opt to use the receiving facilities’ air 
line for a polyol delivery.
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The storage and handling Pluracol® polyols has  
been discussed in the preceding sections, Polyol 
Quality and Shipping and Packaging Information.  
Selection and placement of a polyol bulk tank  
requires considerable planning and engineering  
effort. The question and answer section was  
compiled to guide the initial planning for polyol  

1. 	 Are conventional polyol tanks under  
recirculation?

	 Mixing is not required. Tanks may have  
agitators for improved heat transfer and to  
avoid overheating (steam coils). Agitators are  
not required for electrically traced tanks.

2. 	 Are the BASF graft polyol tanks under  
recirculation? 

	 The pump-out pump has the ability to  
recirculate, but we do not constantly recirculate 
the graft polyol. The recirculation is only  
overpressure protection for the pump-out pump. 
Recirculation is not necessary to maintain a  
homogeneous product.

3. 	 Are BASF’s graft polyol tanks flat-bottomed?

	 Yes, with a slope towards a sump.

4. 	 What size and type of pumps are used for 
graft polyols?

	 Viking gear pumps with flow rates of  
100-150 gpm and outlet pressures of 100 psig.

5. 	 What size and type of pumps are used for 
conventional polyols?

	C entrifugal pumps can be used for lower  
viscosities (< 300 cps) and pressures (< 100 psi). 
Disc flow, gear pumps or sliding vein pumps can 
be used for higher viscosity products when  
pressures > 150 psi are not required. Screw 
pumps can be used for higher pressures  
and viscosities. 

6. 	 Are the polyol tanks carbon steel?  
Lined or unlined?

	O ur polyol tanks are unlined carbon steel. 
These tanks are closed systems. 

bulk storage. Section A covers frequently asked 
questions (FAQs) about conventional and graft  
polyol storage tanks. Section B lists basic physical 
properties of polyether polyols. Note: BASF  
does not contract or sell services for the design, 
construction or operation of resin storage tanks.

7. 	 Does the tank require padding of some type, 
nitrogen or dry air? If dry air is sufficient, what 
dew point would be acceptable?

	O ur tanks are N2 padded. Facilities that  
employ dry air approach – 40°F dew point or 
lower. Since dry air contains oxygen, there is 
always an added risk of polyol discoloration in 
heated tanks. CAUTION: The use of nitrogen  
or other inert gas to fill a confined space  
creates a suffocation hazard. 

8. 	 How much padding pressure do you  
recommend for a polyol tank?

	 10-inch water column of nitrogen.

9. 	 Can the tank be vented to the atmosphere  
or does it need to be treated?

	 BASF polyol storage tanks vent to the  
atmosphere. Only ppm or lesser amounts of 
VOCs (inhibitors, initiators, solvents, EOs, POs  
or amines) may be present.

10. 	What is the temperature range for  
conventional polyether polyols in the  
storage tanks?

	 Technically, the tank may read 80°F – 180°F.  
The higher temperatures reflect polyol that  
was recently manufactured. Conventional  
polyols are usually loaded for shipment in  
the 90°F – 140°F temperature range. For most 
conventional polyols, the long-term storage 
should be kept below 140°F as stated on  
technical data sheet. Certain rigid polyols are 
stored at higher temperatures in order to reach  
a practical viscosity.
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11. 	What is the storage temperature range for 
graft polyols, such as Pluracol® 4600 polyol,  
in BASF’s bulk tanks? 

	 150°F provides adequate pumping viscosity.

12. 	Does a conventional polyol tank require  
freeze protection? 

	 Yes, depending on the viscosity of product and 
ambient temperatures at the location.

13. 	Does the graft polyol require freeze  
protection? Can I place a graft polyol tank 
outside if I’m in a Northern climate zone?

	 Heat tracing is recommended to keep the  
tank at 150°F. The viscosity of any graft polyol 
decreases significantly at higher temperatures. 
The storage temperature of 150°F allows for  
easy handling. There is no “freezing point” for  
a product such as Pluracol 4600 polyol in  
the strictest sense. Its viscosity increases  
significantly at lower temperatures and it will  
become difficult, if not impractical, to handle  
at low temperatures.

14. 	What is the recommended tank size?

	 Tanks are usually multiples of 46,500 lbs. = truck 
size, plus freeboard of 10-25% to allow for tank 
heel, and provide a buffer for the logistics timing.

15. Do you recommend a filtration system  
for conventional polyols?

	 Try mechanical screen filters (100 – 200 micron) 
or bag filters for loading shipments and in-plant 
transfers. Match the filtration with your process, 
the equipment, supply pressure and flow rate.

16. What type of connections are required  
for tankers?

	 Standard 3-inch hose connections.

17. Does a polyol tank require secondary  
containment? If yes, what type of liner  
would you recommend?

	 Yes, BASF has a gravel surface with cement 
walls surrounding the tank. Any user considering 
a bulk tank should thoroughly investigate  
federal, state and local laws and regulations  
for secondary containment requirements.

18. What material of construction do you  
recommend for valves, etc.? I see that  
carbon steel is okay for this, but how about  
the thermoplastics?

	A ll the lines are heated, so we do not use  
thermoplastics for valves. The valves are typically 
ball-valves with carbon steel body, stainless steel 
trim, and TeflonTM fluoroplastic seals.

19. Do you have Vapor Pressure vs. Temperature 
data for this material? 

	O ftentimes the polyol vapor pressure at 140°F 
is shown on the technical data sheet. At other 
temperatures, the vapor pressure can be  
calculated using the Flory-Huggins equation.

20. Does BASF have profiles of polyol Viscosity 
vs. Temperature and Density vs. Temperature?

	 The best information on the density and  
viscosity profiles of polyols comes from the  
technical bulletin. Usually the technical  
bulletin lists viscosity and density at 77°F, 100°F, 
and 120°F. At other processing temperatures, the 
customer can measure the viscosity and density 
with a viscometer and weight-per-gallon cup, 
respectively. When formulating a 2-component 
system, based on volumetric ratios, the customer 
should always independently verify the densities 
at the appropriate processing temperatures.

21. Does BASF have engineering services  
available for customers?

	 BASF does not offer engineering services  
relating to the design, construction or  
operation of polyol storage tanks. 

22. Will BASF build a tank for a customer?

	 BASF is a manufacturer of polyol and  
isocyanate raw materials, not tanks. The  
customer must have ownership of the tank 
design and construction process. BASF may 
choose to finance the construction of bulk  
tanks as part of a supply relationship.

23. 	Do you have recommended contractors/ 
suppliers who can design and build a polyol 
storage system? 

	A mong possible candidates, two companies  
that can do a turnkey project are Piedmont 
Energy Systems (704) 825-5308; and National 
Foam Machine (410) 392-4646. BASF makes no 
warranty of any kind as to the above mentioned 
contractors’ ability, expertise, professionalism  
or work. The customer assumes full responsibility 
for the selection and hiring of any such  
contractor. 

24. Does BASF have a recommended Piping &  
Instrumentation Diagram for the design of 
polyol bulk storage? 

	 No, however these two (Michigan) tank builders 
have design experience: CMI (800) 627-6508; 
and Niles Steel Tank (269) 683-1910. BASF 
makes no warranty of any kind as to the above 
mentioned contractors’ ability, expertise,  
professionalism or work. The customer  
assumes full responsibility for the selection  
and hiring of any such contractor.

Heat capacity of polypropylene glycols = 0.535 Cal/g ºC

Specific heat of polyols = 0.48 BTU/lb ºF

Thermal conductivity = 0.087 BTU/hr ft2 ºF

Flash Point > 200°C

Solubility in Water = Soluble to insoluble

Vapor Pressure at 140°F = The vapor pressure of  
conventional polyol at 140°F is negligible;  
< 0.1 mmHg, mainly due to water and/or low  
molecular weight VOCs in polyol.

CLOUD POINT = THE TEMPERATURE AT  
WHICH A POLYOL IS NO LONGER SOLUBLE  
IN A SOLVENT. THE SAMPLE SOLUTION IS  
HEATED AT A SPECIFIED RATE UNTIL A  
HAZE DEVELOPS, WHICH IS DETECTED  
INSTRUMENTALLY OR MANUALLY.
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D1786 Standard Specification for Toluene  
Diisocyanate

D4273 Standard Test Methods for Polyurethane  
Raw Materials: Determination of Primary Hydroxyl 
Content of Polyether Polyols

D4274 Standard Test Methods for Testing  
Polyurethane Raw Materials: Determination  
of Hydroxyl Numbers of Polyols

D4659 Standard Test Methods for Polyurethane Raw 
Materials: Determination of Specific Gravity  
of Isocyanates

D4660 Standard Test Methods for Polyurethane  
Raw Materials: Determination of the Isomer Content 
of Toluenediisocyanate

D4661 Standard Test Methods for Polyurethane  
Raw Materials: Determination of Total Chlorine in 
Isocyanates

D4662 Standard Test Methods for Polyurethane  
Raw Materials: Determination of Acid and Alkalinity 
Numbers of Polyols

D4663 Standard Test Method for Polyurethane  
Raw Materials: Determination of Hydrolyzable  
Chlorine of Isocyanates

D4669 Standard Test Method for Polyurethane  
Raw Materials: Determination of Specific Gravity  
of Polyols

D4670 Standard Test Method for Polyurethane  
Raw Materials: Determination of Suspended  
Matter In Polyols

D4671 Standard Test Method for Polyurethane Raw 
Materials: Determination of Unsaturation of Polyols

D4672 Standard Test Methods for Polyurethane Raw 
Materials: Determination of Water Content of Polyols

D4875 Standard Test Methods of Polyurethane Raw 
Materials: Determination of the Polymerized Ethylene 
Oxide Content of Polyether Polyols

D4877 Standard Test Method for Polyurethane  
Raw Materials: Determination of APHA Color in  
Isocyanates

D4878 Standard Test Methods for Polyurethane  
Raw Materials: Determination of Viscosity of Polyols

D4889 Standard Test Methods for Polyurethane  
Raw Materials: Determination of Viscosity of Crude 
or Modified Isocyanates

D4890 Standard Test Methods for Polyurethane  
Raw Materials: Determination of Gardner and APHA 
Color of Polyols

D5155 Standard Test Methods for Polyurethane  
Raw Materials: Determination of the Isocyanate  
Content of Aromatic Isocyanates

D5523 Standard Test Method for Polyurethane Raw 
Materials Acidity by Argentometric: Determination 
of Hydrolyzable Chlorine in Monomeric, Aromatic 
Isocyanates

D5629 Standard Test Method for Polyurethane Raw 
Materials: Determination of Acidity in Low-Acidity 
Aromatic Isocyanates and Polyurethane Prepolymers

D6099 Standard Test Method for Polyurethane  
Raw Materials: Determination of Acidity in Moderate 
to High Acidity Aromatic Isocyanates

D6342 Standard Practice for Polyurethane Raw  
Materials: Determining Hydroxyl Number of Polyols 
by Near Infrared (NIR) Spectroscopy

D6437 Standard Test Method for Polyurethane  
Raw Materials: Alkalinity in Low-Alkalinity Polyols 
(Determination of CPR values of Polyols)

D6979 Standard Test Method for Polyurethane  
Raw Materials: Determination of Basicity in Polyols, 
Expressed as Percent Nitrogen

D7133 Standard Test Method for Polyurethane Raw 
Materials: Instrumental Measurement of Tristimulus 
CIELAB Color and Yellowness Index of Liquids

D7252 Standard Test Method for Polyurethane  
Raw Materials: Determination of Monomer and  
Isomers in Isocyanates

B. Urethane Foam Standards (ASTM)

D1621 Standard Test Method for Compressive  
Properties of Rigid Cellular Plastics

D1622 Standard Test Method for Apparent Density  
of Rigid Cellular Plastics

D1623 Standard Test Method for Tensile and Tensile 
Adhesion Properties of Rigid Cellular Plastics

D2126 Standard Test Method for Response of Rigid 
Cellular Plastics to Thermal and Humid Aging

D2842 Standard Test Method for Water Absorption 
of Rigid Cellular Plastics

D2856 Standard Test Method for Open-Cell Content 
of Rigid Cellular Plastics by the Air Pycnometer

D3453 Standard Specification for Flexible Cellular 
Materials-Urethane for Furniture and Automotive 
Cushioning, Bedding, and Similar Applications

D3489 Standard Test Methods for Rubber– 
Microcellular Urethane

D3574 Standard Test Methods for Flexible  
Cellular Materials—Slab, Bonded and Molded  
Urethane Foams

D3576 Standard Test Method for Cell Size of Rigid 
Cellular Plastics

D3748 Standard Practice for Evaluating High-Density 
Rigid Cellular Plastics

D3768 Standard Test Method for Microcellular  
Urethanes-Flexural Recovery

D3769 Standard Test Method for Microcellular  
Urethanes High-temperature Sag

D3851 Standard Specification for Urethane  
Microcellular Shoe Soling Materials

D5672 Standard Test Method for Testing Flexible 
Cellular Materials Measurement of Indentation  
Force Deflection Using a 25-mm (1-inch)  
Deflection Technique

D6226 Standard Test Method for Open Cell  
Content of Rigid Cellular Plastics 

C. Flammability, Miscellaneous Standards (ASTM)

E84 Standard Test Method for Surface Burning  
Characteristics of Building Materials

E96 Standard Test Methods for Water Vapor  
Transmission of Materials

D256 Standard Test Methods for Determining the 
Izod Pendulum Impact Resistance of Plastics

D257 Standard Test Methods for DC Resistance  
or Conductance of Insulating Materials 

C273 Standard Test Method for Shear Properties  
of Sandwich Core Materials 

D412 Standard Test Methods for Vulcanized  
Rubber and Thermoplastic Elastomers—Tension

C421 Standard Test Method for Tumbling Friability  
of Preformed Block-Type Thermal Insulation

C518 Standard Test Method for Steady-State  
Thermal Transmission Properties by Means of  
the Heat Flow Meter Apparatus

D624 Standard Test Method for Tear Strength of 
Conventional Vulcanized Rubber and Thermoplastic 
Elastomers

D635 Standard Test Method for Rate of Burning 
and/or Extent and Time of Burning of Plastics in a 
Horizontal Position

D638 Standard Test Method for Tensile Properties  
of Plastics

D648 Standard Test Method for Deflection  
Temperature of Plastics Under Flexural Load  
in the Edgewise Position

E662 Standard Test Method for Specific Optical  
Density of Smoke Generated by Solid Materials
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D696 Standard Test Method for Coefficient of Linear 
Thermal Expansion of Plastics Between -30°C and 
30°C With a Vitreous Silica Dilatometer 

D737 Test Method for Air Permeability of Textile  
Fabrics (Frazier Air Flow) 

D790 Standard Test Methods for Flexural Properties 
of Unreinforced and Reinforced Plastics and  
Electrical Insulating Materials

D925 Standard Test Methods for Rubber  
Property-Staining of Surfaces (Contact, Migration 
and Diffusion)

D1052 Standard Test Method for Measuring  
Rubber Deterioration-Cut Growth Using Ross  
Flexing Apparatus

E1352 Standard Test Method for Cigarette Ignition 
Resistance of Mock-Up Upholstered Furniture  
Assemblies

E1353 Standard Test Methods for Cigarette Ignition 
Resistance of Components of Upholstered Furniture

D1525 Standard Test Method for Vicat Softening 
Temperature of Plastics

E1537 Standard Test Method for Fire Testing  
of Upholstered Furniture

E1590 Standard Test Method for Fire Testing  
of Mattresses

D1596 Standard Test Method for Dynamic Shock 
Cushioning Characteristics of Packaging Material 

D1630 Standard Test Method for Rubber  
Property-Abrasion Resistance (Footwear Abrader)

D1761 Standard Test Methods for Mechanical  
Fasteners in Wood

D1894 Standard Test Method for Static and Kinetic 
Coefficients of Friction of Plastic Film and Sheeting

D2240 Standard Test Method for Rubber Property—
Durometer Hardness

D2632 Standard Test Method for Rubber Property—
Resilience by Vertical Rebound

D2863 Standard Test Method for Measuring  
the Minimum Oxygen Concentration to Support 
Candle-Like Combustion of Plastics (Oxygen Index)

D3014 Standard Test Method for Flame Height,  
Time of Burning and Loss of Mass of Rigid  
Thermoset Cellular Plastics in a Vertical Position 
(Butler Chimney)

D3675 Standard Test Method for Surface  
Flammability of Flexible Cellular Materials Using  
a Radiant Heat Energy Source

D3801 Standard Test Method for Measuring the 
Comparative Burning Characteristics of Solid  
Plastics in a Vertical Position

D3814 Standard Guide for Locating Combustion  
Test Methods for Polymeric Materials

D4060 Standard Test Method for Abrasion  
Resistance of Organic Coatings by the Taber Abraser 

D4986 Standard Test Method for Horizontal Burning 
Characteristics of Cellular Polymeric Materials

D5132 Standard Test Method for Horizontal  
Burning Rate of Polymeric Materials Used in  
Occupant Compartments of Motor Vehicles

VIII. Urethane Glossary

ACRYLONITRILE – A chemical compound of the 
“vinyl” class having the structure CH2 = CHCN, a 
raw material for polymer manufacturing. The  
copolymer solids of most graft polyols are derived,  
in part, from polymerized acrylonitrile.

ALKYLENE OXIDES – A heterocyclic compound 
having three atoms in its cyclic structure, one of 
which is an oxygen atom. Propylene oxide (PO) is the 
principal raw material used in forming high molecular 
weight urethane-grade polyols by its reaction with 
multifunctional initiator compounds.

AMINE – A class of organic compounds  
characterized by the presence of a basic nitrogen 
atom in their structure. Amines can act as both  
chain extenders and catalysts in urethane reactions.

ANILINE – An aromatic nitrogen-containing  
compound having the structure. 

A basic raw material for manufacture  
of aromatic isocyanates.

ASTM – Abbreviation for the American Society  
for Testing and Materials, an industry-supported  
organization for the establishment of standard  
methods and procedures of testing materials.

BARIUM SULFATE – A highly insoluble salt of  
barium, occurring naturally as barite. Available in 
various particle sizes. Used as filler in flexible foams 
to impart density and cushioning properties, in  
elastomers to impart hardness and lower unit cost.

BLOWING AGENT – A substance that will either 
produce a gas by chemical reaction (e.g. water with 
TDI yields CO2) or by volatilization (hydrocarbons  
or halogenated agents). When dispersed into a 
urethane system, the blowing agent generates gas 
pressure that forms foam cells. 

BURNING CHARACTERISTICS – Properties  
that describe how a substance burns, i.e. ignition 
temperature, distance burned per second, amount 
of smoke developed, ultimate temperatures reached, 
etc. To be valid, this should predict behavior in a 
large fire.

CARBON DIOXIDE (CO2) – A gas composed of one 
atom of carbon and two of oxygen. Carbon dioxide 
is the primary blowing agent in flexible foam that is 
generated by the reaction of water and isocyanates.

CARBON MONOXIDE (CO) – A poisonous gas  
composed of one atom of carbon and one of  
oxygen. A raw material that is used to make  
phosgene. Phosgene in turn converts an amine 
group (-NH2) to an isocyanate group (-N=C=O).

CAST – The description of a 1- or 2-component, 
liquid polyurethane system that is mixed and  
dispensed into a mold. The resin cures in the  
mold to yield a solid urethane elastomer. 

CATALYST – A substance that changes the rate  
of a chemical reaction without itself undergoing  
permanent change in composition. Urethanes  
catalysts are distinguished by two main effects;  
gelling and blowing. 

CELL SIZE – Average size of the bubbles, or pores  
in the foam; usually referred to by the number of 
cells per unit of length.

CHLORINE – A poisonous gas usually produced 
by electrolysis of salt (sodium chloride). Used in the 
manufacture of phosgene (see carbon monoxide). 
Also used in the chlorohydrin process for making 
propylene oxide.

CHLOROHYDRIN – Chlorine and hydroxyl- 
containing compound that is an intermediate  
for an older synthesis of propylene oxide from  
propylene, chlorine, water and lime.

CO2 – See Carbon Dioxide.

1-COMPONENT – A 1-component system is a 
(quasi) prepolymer or modified isocyanate by itself. 
The 1-component system is not cured with a resin 
mixture, instead it reacts with a substrate or  
ambient moisture when applied. Therefore,  
1-component systems are often referred to as  
moisture-cure urethanes (MCUs). Most urethane-
based, 1-component construction adhesives are 
moisture cure urethanes.

N  H 2
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2-COMPONENT – A 2-component urethane  
describes any category of urethane where the  
resin and isocyanate are stored separately prior  
to reaction into a urethane. 

COMPRESSION SET – A measure of foam  
deformation after compression for set time and  
temperature. Results are commonly expressed as  
a percentage change from original. Compression sets 
done under accelerated aging conditions indicates 
how the material will stand up to time and abuse. 
(See ASTM Test No. D1564)

CROSSLINK DENSITY – A reference to the average 
distance between branching points and the number 
of branches from those points. In a urethane foam or 
elastomer, the “tighter” the network, usually the stiffer 
the product.

CRUDE MDI – Refers to undistilled, diphenylmethane 
diisocyanate derived from aniline and formaldehyde. 
Crude MDI is a light brown mixture of monomer and 
polyisocyanate. Therefore, the average functionality  
is usually between 2 and 3. 

CRUDE TDI – TDI containing various isomers  
that slow down its reactivity. Main use is in rigid 
foams for household appliances, also some in HR 
flexible foams.

DENSITY – Weight per unit volume of a material. 
Normally expressed in grams per milliliter, pounds  
per gallon, or pounds per cubit foot (pcf).

DIAMINE – A class of organic compounds  
characterized by the presence of two amine  
groups (see Amine); for example, toluenediamine,  
the immediate precursor to toluene diisocyanates.

DIELECTRIC CONSTANT – The measure of  
ability of a material to maintain a difference in  
electrical charge over a specified distance, i.e.  
to act as an electrical insulator. An indication of how 
well a substance may be dielectrically heat-sealed. 
Normal urethane foams do not seal well by dielectric 
heat, but certain specialty foams do.

DIMENSIONAL STABILITY – The ability of a  
plastic part to retain the precise shape in which  
it was molded, fabricated or cast. An important  
property of urethanes that are exposed to  
temperature changes because they cause  

distortion of the roof, panel, refrigerator or other 
products in which they are used. Excessive  
distortion of rigid foam will rupture the cells and 
cause loss of the insulation value.

DIOLS – Class of organic compounds with two  
hydroxyl groups attached to the molecule. Diols  
are two functional materials. While diols are often 
blended with higher functional polyols to make  
flexible foams, they are used alone in certain  
applications (e.g., elastomers and adhesives).

ELASTOCAST® – BASF trademark for certain  
elastomer systems sold by the Urethane  
Specialties business. 

ELASTOPUR® – BASF trademark for certain foam 
systems sold by the Urethane Specialties business. 

ELASTOLAN® – BASF trademark for the line of  
thermoplastic urethane (TPU) resins. 

ELASTOMER – A non-foam urethane product.  
A rigid or flexible, solid urethane part.

ELECTROLYSIS – Decomposition by means of  
an electric current, e.g. splitting a sodium chloride/
water solution into chlorine, hydrogen and sodium 
hydroxide. Chlorine and hydrogen are used to  
manufacture isocyanates.

ELONGATION – The extent to which a urethane  
can be stretched before it breaks. Elongation is  
expressed as a percentage of original length.  
Furniture-grade flexible foams generally have an 
elongation of at least 175%, while most rigid foams 
cannot be stretched even 10% without rupture.  
(see ASTM Test No. D1564.) Elongation properties 
are critical for urethane coatings, sealants and  
elastomers.

EMULSIFIERS – Additives that help keep the  
various ingredients of a formulation intimately  
mixed by forming an emulsion. In the preparation  
of urethane foams, this function is usually performed 
by a silicone-based surfactant.

ETHER – An organic compound that has two  
carbon atoms joined by an atom of oxygen. If there 
are “many” (two or more) such linkages (_C_O_C_) in 
a compound, it is a polyether. The most commonly 
used urethane resins are of the polyether type.

ETHYLENE OXIDE (EO) – A colorless gas in  
which oxygen is bonded to the carbon atoms  
of an ethylene group.

In the presence of a catalyst, ethylene oxide can  
be reacted with an initiator to produce high  
molecular weight polyether polyols. In the  
manufacture of polyols, ethylene oxide capping  
introduces primary hydroxyl groups.

EXOTHERM – Heat generated by a chemical  
reaction. The temperatures inside a bun of low  
density flexible urethane could reach 330°F.

FASCIA – Elastomeric covering for the energy- 
absorbing system of an automobile, such as the 
bumper or even the entire front and rear ends.  
Microcellular urethane foam is a leading contender  
in this application.

FILLED FOAMS – Name applied mostly to flexible 
foams containing various levels of a fairly inert  
powdery material such as barium sulfate, calcium 
carbonate or sand. Can also refer to foam  
containing high levels of plasticizers or inert oils. 
Purpose of the filler is to add weight and improve 
“sag factor” and to increase firmness.

FIRMNESS – See Indentation Load Deflection.

FLASH POINT – Lowest temperature at which a 
combustible liquid will give off a flammable vapor 
that will burn momentarily. For most urethane-grade 
polyether polyols this is about 400°F, for 80/20  
TDI it is 270°F.

FLUOROCARBONS – Hydrocarbons in which 
hydrogen has been replaced with fluorine. They are 
used as foaming or blowing agents in urethanes 
because of their low boiling and relative inertness. 
Many of the fluorocarbon blowing agents have been 
banned because they are ozone depleting agents.  
A new generation of environmentally friendly  
hydrofluorocarbons are available in the market. 

FOAMING AGENTS – See Blowing Agent.

FREIGHT CLASSIFICATION – The classification  
assigned to a material for the purpose of  
determining both the freight rates and the freight 
regulations. More transportation information, such 
as package group and reportable quantity, can be 
found in Section 14 on the MSDS.

FUNCTIONALITY – The number of reactive groups 
per mole of reactant. TDI has a functionality of 2, 
most polyols in a flexible foam have an average 
functionality close to 3, and polyols for rigid foams 
usually have a functionality greater than 3.

GEL – The initial, jelly-like phase that develops  
during the reaction of the resin and isocyanate.  
Properly formulated urethane products pass  
through a gel stage before becoming solids. Many 
quality-control tests are designed to measure the 
“gel-point.” Various contamination or improper  
formulation can cause unexpected gelling resulting 
in wasted material and possibly loss of equipment.

GLYCERINE – A triol having the structure  
CH2OHCHOHCH2OH. Glycerin is obtained as a  
by-product in soap manufacture, sugar processing 
and more recently from propylene. In polyols,  
glycerin is the most commonly used initiator for  
making high molecular weight triols.

GRAFT POLYOL – A Polyol to which some type 
of vinyl monomer (see Acrylonitrile above) that has 
been “grafted” (i.e. attached) onto the polyol  
backbone to create in situ filler. Graft polyol is  
important for the load-bearing properties of many 
high resilience foams.

GREEN STRENGTH – The curing characteristics of 
flexible foam that describe the ability to withstand 
handling before complete cure takes place. This is 
particularly important in molded foams that must be 
pulled from the mold at an early stage of cure.

HEXOLS – Class of organic compounds with six  
hydroxyl groups attached to the molecule. Because 
of the high crosslink density imparted, these are 
used primarily in rigid foam.

HIGH RESILIENCE (HR) – Flexible foams that have 
improved load-bearing (high sag factor) and resist 
dynamic fatigue. Graft polyols can be important in 
preparation of this type foam.

HYDROCHLORIC ACID – A strong mineral acid 
composed of an aqueous solution of one atom of  
hydrogen and one of chlorine (HCI). HCl is a  
by-product in the final stages of MDI and TDI  
production. Strong acids can slow or inhibit the 
base-catalyzed urethane reaction.
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HYDROGENATION – The chemical reaction of 
hydrogen with an organic substance. In urethane 
chemistry, hydrogenation is used to convert aromatic 
rings into cycloaliphatic analogs, and to reduce the 
oxygen in dinitrotoluene to create the amine  
functionality.

HYDROPHILIC – Having an affinity for water. Most 
urethane parts are not hydrophilic, but with proper 
formulation some foams and coatings can have 
sponge-like properties.

HYDROXYL – A chemical group composed of a 
hydrogen atom bonded to an oxygen atom (-OH). 
The hydroxyl group on the polyol is the reactive site 
for the isocyanate (forms a urethane). The amount of 
hydroxyl groups available for reaction is expressed 
as the hydroxyl number.

HYDROXYL NUMBER – Expressed as milligrams of 
KOH content in one gram of polyol. The mass and 
hydroxyl number of a polyol are used to calculate the 
equivalents of isocyanate needed to complete the 
urethane reaction. The larger the hydroxyl number, 
the more isocyanate is needed. The current polyol 
Technical Data sheet or CASE Customer Product List 
will display the average hydroxyl number. The BASF 
Certificate of Analysis (C/A) for a batch of polyol will 
show the measured hydroxyl number and the  
specification range. 

INDENTATION LOAD DEFLECTION (ILD) – ILD is  
a measure of load bearing that is expressed in 
pounds per 50 square inches at a given percent  
deflection of the foam.

To obtain the ILD measurement, a 50-square-inch 
circular plate is pushed into the foam’s upper  
surface, stopping at a given deflection, and then 
reading the load on a scale. For example, a 25%  
ILD of 30 means that it takes a 30-pound load to 
compress a 4-inch piece of foam into a 3-inch  
thickness. The higher the load measurement, the 
firmer the foam.

INITIATOR – Starting material for the manufacture 
of polyether polyols. The initiator, such as glycerin 
or sucrose, set the functionality of the polyol resin. 
Sometimes blends of high and low functionality  

initiators are used to reach intermediate  
functionalities or moderate the viscosity.

ISOCYANATE – A chemical group consisting of a 
nitrogen, a carbon and an oxygen atom attached 
together (-N=C=O). The isocyanate group of the 
molecule participates in the reaction with hydroxyl 
groups, water, amines (primary and secondary)  
and some carboxylic acids to produce urethanes  
or ureas. Allophanates and carbodiimides can be  
selectively formed when isocyanate groups react 
with each other. 

ISOMERS – Molecules which contain the same  
number and kind of atoms but which differ in  
structure, 80/20 TDI is an 80:20 mixture of two  
different isomers of TDI.

LEAD-LAG – Describes the condition observed 
when the ratio of polyol resin is mismatched with  
the isocyanate component. When processing  
2-component formulations, lead-lag indicates too 
much resin or isocyanate either at the beginning 
(lead) or the end (lag) of the dispensing cycle.  
Lead-lag contributes localized regions of poorly 
cured urethane in the final part. 

LUPRANATE® – The registered trademark for BASF 
Corporation’s diphenylmethan diisocyanate (MDI) 
and toluene diisocyanate (TDI) products. 

METHYL GROUP – A hydrocarbon group consisting 
of three hydrogen atoms bonded to a carbon atom  
(-CH3). TDI and polyols derived from propylene  
oxide have methyl groups appended to them.

METHYLENE CHLORIDE – A low-boiling (104°F) 
chlorinated hydrocarbon having the structure  
CH2CI2. Used as a foaming agent in flexible foams, 
but more often used as a flushing agent to clean out 
foam machines before the chemicals just passed 
through them have had a chance to gel.

MODULUS – Rate of change of strain, before  
permanent distortion, as a function of force. Can be 
thought as of the relative stiffness of a substance or 
its ability to resist distortion that can vary depending 
on the type of distortion involved.

MOISTURE CURE URETHANE (MCU) – an  
isocyanate terminated system, often at low residual 
isocyanate (Free-NCO) content, that cures by  
contact with ambient moisture in the atmosphere 
or substrate. MCU’s are often based on isocyanate 
prepolymers that are further compounded with fillers, 
plasticizer, and catalysts. Moisture curing systems 
are used in many sealants, adhesives, and primers. 

MOLDABILITY – The characteristics of being easy 
to mold without rupturing or developing flaws due  
to movement of urethane polymer during gelation, 
usually provided by reducing average functionality 
and increasing reactivity.

MOLECULAR SIEVE – An inorganic zeolite that 
removes traces of water from the resin component of 
urethane elastomer systems. The typical molecular 
sieve is a synthetic form of an alkaline metal  
substituted alumino-silicate crystal. The pore size  
of the molecular sieve, as reported in angstroms, 
determines the type of molecules that can be  
absorbed. Urethane elastomer resins usually  
employ 3, 4, or 5-Angstrom molecular sieves. 

MOLECULAR WEIGHT – Sum of the atomic  
weights of all the atoms in a molecule. If the  
equivalent weight of a polyol or isocyanate can  
be obtained, then the molecular weight can be  
calculated by multiply the equivalent weight by  
the average functionality. Pure, monomeric MDI  
is approximately 250 MW. The TDI molecule is  
174.2 molecular weight.  

NCO GROUP – See Isocyanate; the actual  
functional group of the molecule with a molecular 
weight of 42.02.

NITRATION – Introduction of a nitro group (NO2) 
onto an aromatic ring, usually using nitric acid.

OCTOL – Class of organic compounds with eight 
hydroxyl groups attached to the molecule. Sucrose 
(sugar) is the main initiator for polyols containing 
eight hydroxyl groups. Because of the high crosslink 
density it provides, sucrose polyols are used almost 
exclusively in rigid foam.

PENTAERYTHRITOL – A tetrol (four hydroxyl 
groups) used as the initiator for low-viscosity,  
specialty cross-linking polyols. 

PHOSGENATION – Reaction of phosgene  
(CI2CO) with another chemical. In the last step of 
isocyanate production, the phosgene converts the 
amine functional groups into the –NCO functional 
groups. Hydrochloric acid is a byproduct.

PIGMENT – A concentrated colorant added to the 
resin component of a 2-K system. Many pigments 
are supplied as dispersions in a compatible resin, 
such as polyether polyols. 

PLASTICIZER – In terms of the urethane industry, 
a plasticizer is considered non-reactive, liquid filler. 
Common urethane plasticizers include linear alkyl 
benzenes and the family of alkyl esters and  
butyrates. Plasticizers may be added to either the 
resin or isocyanate to reduce viscosity, improve 
compatibility or simply reduce cost.   

PLURACOL® – Trademark for urethane grade  
polyethers produced by BASF Corporation, e.g.  
Pluracol® 220 polyol, etc.

PLURALUX® – Registered trademark high-resilience 
foam created from BASF raw materials and  
formulating expertise. 

PLURIOL® – Registered trademark for polyalkylene 
glycols produced for non-urethane, surface active  
applications (surfactants). 

PLURONIC® – Registered trademark for a broad 
line of hydroxyl-terminated polyalkylene glycols and 
block copolymers used in surfactant applications.

POLYESTER – A compound containing a number  
of ester groups. Polyesters are formed by a  
condensation reaction between organic di-acidic 
monomers and difunctional glycols. Aromatic  
polyester resins are used in rigid foams, whereas 
aliphatic polyester resin is used in many  
CASE applications. 

Urethane-grade polyesters are high molecular weight 
polymers terminating in hydroxyl groups that react 
with isocyanate groups the same as do polyethers. 
Foams made with polyester rather than polyether 
resin are generally stronger and firmer, but have a 
harsher feel, lower resilience and less resistance  
to humidity.
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POLYETHER – A compound containing repeating  
either groups (see ether). Most urethane polyols, 
being polymerization products of ethylene and/or 
propylene oxide, are polyethers.

POLYGLYCOL – A freight classification term  
encompassing most hydroxyl-bearing polyethers 
and polyalkylene glycols.

POLYMER – A compound prepared by the linking 
together of a simple substance (monomer) to form 
large molecules. Most urethane polyols being made 
up of many oxypropylene groups are considered to 
be polymers as are urethane products themselves.

POLYMERIC ISOCYANATE – Same as Crude  
MDI (see above). Polymeric MDI is also abbreviated 
as PMDI.

POLYOL – An organic compound with more than 
one hydroxyl group attached to the molecule.

POLYPROPYLENE GLYCOL – A polyether derived 
from propylene glycol. Also describes a freight  
classification for polyether polyols.

PREPOLYMER – A polymer of relatively low  
molecular weight, where the isocyanate is partially 
reacted with the polyol resin. Most widely used for 
coatings and other non-foam applications where the 
addition of a little more material (usually polyol plus 
catalyst) will crosslink the prepolymer into a solid, 
final product. Prepolymers are sometimes formulated 
to reduce the free-NCO and monomer volatility, thus 
improving the handling characteristics. However, the 
viscosity of the prepolymer is always higher than the 
individual resin and isocyanate. Technically, an  
isocyanate prepolymer does not contain unreacted 
isocyanate monomers. In practice, the family of  
partially reacted products is called commonly  
prepolymers regardless of monomer content. The 
term has come to signify the partial addition of  
some resin.

PRIMARY HYDROXYL – An -OH group attached to 
a carbon atom that is in turn attached to only one 
other carbon atom. Such a hydroxyl group reacts 
much faster with the isocyanate than a “secondary” 
hydroxyl, e.g. one that is attached to a carbon that 

has two other adjacent carbons. The primary  
hydroxyl group experiences less steric hindrance. 
Polyol manufacturers adjust the reactivity of their 
products by controlling the ratio of primary to  
secondary hydroxyls of the polyol.

PROPYLENE – A colorless gas  
having the following  
structure:

Derived from petroleum and/or natural gas.  
Introduction of oxygen at the double bond site  
results in propylene oxide, the main building block 
for urethane-grade polyols.

PROPYLENE OXIDE (PO) – A colorless liquid; the 
main building block for urethane-grade polyols.

QUASI-PREPOLYMER – The official term for an  
isocyanate prepolymer that still has free-monomer  
in addition to capped resin. 

RATIO – The relative proportion of isocyanate and 
resin in a system. Although very different, urethane-
processing ratios can be specified by weights or 
volumes. The term Index is another term to describe 
the weight ratio of isocyanate to resin in a formula.  
It is important to distinguish whether the ratio refers 
to isocyanate:resin or resin:isocyanate.

REACTIVITY – Refers to the rate that a material  
undergoes a chemical change. In urethane  
chemistry, the reactivity of the resin and isocyanate 
is accelerated by bases and retarded by acids. 

REBOND – “Recycling” scrap foam by shredding 
into small pieces and bonding them together with an 
adhesive. Seldom done with rigid foams, but widely 
done with flexible foam. Results in a foam of  
considerably higher density than the original scrap; 
usually referred to as “bonded foam.” Carpet  
underlay is a common application for rebond.

REPORTABLE QUANTITY (RQ) – The minimum 
quantity of chemical that triggers a report to the  
EPA if it is spilled or otherwise released into the  
environment. The reportable quantity is usually  
listed on the MSDS under Section 14:  
Transportation. The reportable quantity may  
also be listed on the Bill of Lading. 

RESILIENCE – Resilience is a measure of elasticity 
or springiness of an elastomer or foam. In this test, 
a steel ball is dropped on the foam and the rebound 
is expressed as percent resilience. As with recovery, 
desirable values are dependent on the application. 
With very soft foam, resilience can be misleading 
because the foam bottoms out under the load of the 
ball. This gives low resilience values even though the 
foam is very lively or elastic. Ball rebound is another 
term for this property.

SAG FACTOR – Ratio of the 65% ILD to the 2% 
ILD. Foams considered good for comfort cushioning 
should have a sag factor (sometimes called “sac” 
factor) above 1.8 and preferably close to 3.0.

SCORCH – Discoloration that occurs during the 
thermal breakdown of foam. This can occur for  
several reasons, including: (1) off-ratio mixing  
conditions, (2) unusually high water levels,  
(3) excessive foam thickness, or (4) close packing  
of large buns in storage before cure is complete.  
Severe scorch can lead to serious loss of foam  
properties and in extreme cases, to spontaneous 
foam fires.

SECONDARY HYDROXYL – As explained under  
the primary hydroxyl definition, the steric hindrance 
of the alpha-methyl group slows urethane  
reactivity. However, when propylene oxide is used 
in the polymer chain, the presence of methyl groups 
help improve hydrophobic properties compared an 
ethylene oxide analog.

SEMI-FLEXIBLE FOAM – Flexible foams show  
relatively low load-bearing properties with high 
recovery properties, while the rigid foams display 
high load-bearing but with a definite yield point and 
subsequent cellular collapse. A semi-flexible foam 
shows a blend of these characteristics. Semi-flexible 
foams show high load bearing without yield point 
and non-linearity of load deformation with energy 
absorption, but good recovery characteristics.

SILICONE SURFACTANT – A surfactant  
(see definition) containing silicone polymer, i.e.  
alternating silicon and oxygen atoms with carbon-
containing groups attached to the silicone. Silicone 
surfactants are surface-active agents that are critical 
to controlling the nucleation, structure and size of 
cells in urethane foams. Silicone surfactants should 
be carefully matched with the foam application.

SOLVENT – A generic description of a non-reactive 
liquid that is typically volatile. Emission standards 
have greatly reduced the permitted levels of volatile 
organic solvents. 

STRENGTH – In urethanes, the ability to withstand 
being pulled apart by stretching, tearing, bending, or 
twisting (see Tear and Tensile). Consider strength as 
a measure of the relative area under the stress/strain 
curve during tensile testing.

STYRENE BEADS – Plastic beads prepared from 
styrene. The polystyrene beads contain a special 
blowing agent that causes them to expand and  
weld together when properly treated with heat.  
BASF Corporation markets Styropor® technology. 
However, this has no connection with urethane 
chemistry or urethane raw materials, although  
foam made in this manner does compete with  
rigid urethane foam in certain applications such  
as insulation and packaging.

STYRENE MONOMER – An ethylene substituted 
benzene ring of the “vinyl” class and used as a  
building block in polymers. Used in graft-type poly-
ols with acrylonitrile (see above) to modify properties 
obtained with acrylonitrile alone. The fiber-reinforced 
polyester industry uses styrene as a reactive diluent 
in spray-applied composites. 

SYNTACTIC FOAM – A syntactic foam is  
an elastomer filled with hollow beads or glass  
micro-spheres in order to reduce the density.

SURFACTANT – An additive used to control the  
surface tension of liquids. In urethanes, various 
types, most of them containing silicon, are used to 
stabilize the foam during rise and gel stages and to 
obtain the particular cell structure desired.

SYSTEM – In urethanes, two components (in rare 
cases three or more) that have been preformulated 
so that they need only be mixed and dispensed in 
accordance with the manufacturer’s instructions to 
make the predetermined end product. The sale of 
a urethane system is often supported by intensive 
technical service, process optimization and  
equipment knowledge.
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TDI – Toluene diisocyanate. TDI is traditionally  
used for making high-quality flexible, slabstock, and 
molded foams. When converted into a prepolymer, 
TDI has been a starting-place many urethane  
coatings and sealants.

TEAR – Contraction for tear strength. A measure of 
the force required to tear an elastomer or foam after 
a split or break has started. Furniture foam has a tear 
strength in the range of 1 to 4 pounds per inch  
according to ASTM Test No. D-1564.

TENSILE – Contraction for tensile strength. A  
measure of the stress required for elastomer or foam 
failure when pulled apart. Furniture grade foam has a 
tensile strength in the range of 12 to 30 pounds per 
square inch when pulled apart in the manner  
described in ASTM Test No. D-1564.

TETROLS – Class of organic compounds with  
four hydroxyl groups attached to the molecule.  
Conventional tetrols are commonly initiated  
with pentaerythritol. 

TETRONIC® – Registered trademark for a family of 
BASF surfactant polyols that are typically made from  
a diamine initiator.

THERMAL CONDUCTIVITY – A measure of the rate 
at which heat can be transferred through a given 
material. The lower the thermal conductivity, as  
with most rigid urethane foams, the better are the 
insulating qualities of a material. The most common 
measure used for rigid urethanes is the “K” factor,  
a test described in ASTM Test No. C-518. A good 
urethane foam will have a “K” factor of less than 
0.12, but after prolonged exposure this will increase 
to about 0.18, which is still well below the “K” factor 
of fiberglass, mineral wool, cork or any other  
present-day insulating material.

THERMOPLASTIC – A resin or plastic that can  
be softened or melted by exceeding the glass  
transition temperature. Thermoplastic urethanes can 
be reprocessed in a mold or extruder. Thermoplastic 
polymers do not have any appreciable cross-linked, 
and instead build hardness out of hard-segment 
crystallization.

THERMOSETTING – A resin or plastic that, upon 
being heated to a certain temperature, undergoes a 
chemical change that cannot be reversed by cooling. 
The higher the crosslink density, the more likely a 
urethane product is to exhibit thermosetting  
properties, although the property can also be  
imparted by special formulation in a product with  
low crosslink density.

TIN CATALYST – A common family of catalysts  
containing tin. The oranometallic tin catalysts  
activate the isocyanate, thus improving the urethane 
gel-reaction, while minimizing the urethane-water 
blowing reaction. 

TOLUENE – A methyl substituted benzene obtained 
from coat, petroleum or natural gas. The basic raw 
material for TDI production.

TSCA INVENTORY – The Toxic Substances Control 
Act of 1976 refers to a listing of over 75,000 known 
chemical compounds with the EPA. Chemicals not 
listed on the TSCA inventory must be labeled  
Non-TSCA and their use must be closely tracked 
from cradle to grave. In addition, Non-TSCA  
chemicals trigger important notification rules  
involving samples, testing or commercialization. 
Your company’s EH&S or Product Regulatory staff 
should be involved in TSCA training and compliance. 
The TSCA status of commercially traded chemicals 
should be listed on the MSDS under Section 15: 
Regulatory Information. If the MSDS does not list  
the chemical on the TSCA inventory, then it should 
be considered Non-TSCA.

VISCOELASTIC – The technical name for foams with 
“memory.” Viscoelastic foams have a glass transition 
near body temperature and mold to the contours of 
the human imprint.

IX. Contact Information 

Additional information on BASF Polyurethane  
Chemicals (polyether polyols and aromatic  
isocyanates) may be obtained by telephoning  
BASF Corporation, Urethane Customer Service  
at (877) 297-3322 or faxing (734) 324-6866.  

BASF Polyurethanes would like to  

thank the dedicated individuals who made the  

Pluracol® Polyol Handbook possible.

From Canada, please contact (800) 881-4787.  
The Urethanes Web site offers a useful e-form  
for questions at http://www.basf.com/ 
urethanechemicals/contactus.html.
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