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with diverse applications ranging from flexible foams to rigid coatings elastomers and adhesives Their remarkable versatility stems from their unique synthesis involving

the reaction of polyols with isocyanates Polyols the cornerstone of PU synthesis are hydroxylcontaining compounds that dictate the final properties of the resulting

polyurethane Understanding the chemistry and technology of polyols is crucial for designing and producing PUs with specific performance characteristics This article

delves into the key aspects of polyol chemistry exploring their types synthesis properties and technological applications Types of Polyols Polyols can be broadly

classified into two categories based on their origin Petrochemicalbased Polyols These are derived from petroleum feedstocks and represent the traditional polyol type

They are further categorized into Polyether Polyols Synthesized through the polymerization of alkylene oxides eg ethylene oxide propylene oxide with polyfunctional

initiators They offer excellent flexibility low viscosity and good hydrolytic stability Polyester Polyols Prepared by the polycondensation of polycarboxylic acids eg

adipic acid phthalic acid with polyols These polyols exhibit higher hardness and better mechanical strength compared to polyethers Biobased Polyols These are derived

from renewable resources such as vegetable oils sugars and starch They offer an environmentally friendly alternative to traditional polyols and are gaining increasing

interest Synthesis of Polyols The synthesis of polyols depends on their type Polyether Polyols They are synthesized through a ringopening polymerization process

Initiators Polyfunctional alcohols eg glycerol trimethylolpropane sucrose or amines act 2 as starting points for chain growth Alkylene Oxides Ethylene oxide EO and

propylene oxide PO are common monomers The ratio of EO to PO in the polymer chain influences the final properties of the polyol Catalyst Basic catalysts eg

potassium hydroxide sodium hydroxide are employed to accelerate the polymerization reaction Polyester Polyols Their synthesis involves the polycondensation reaction of

polycarboxylic acids and polyols in the presence of a catalyst Polycarboxylic Acids Adipic acid phthalic acid and terephthalic acid are widely used Polyols Diols eg
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ethylene glycol propylene glycol or triols eg glycerol are commonly employed Catalyst Catalysts like titanium alkoxides or tin compounds are used to facilitate the

esterification reaction Biobased Polyols Their synthesis utilizes renewable feedstocks like vegetable oils sugars and starch Vegetable Oils Epoxidation and ringopening

reactions are employed to convert vegetable oils into polyols Sugars and Starch These are converted into polyols through enzymatic or chemical modification methods

Properties of Polyols The properties of polyols are crucial for determining the final properties of the resulting polyurethane Key parameters include Hydroxyl Number

The number of hydroxyl groups present per gram of polyol which influences the amount of isocyanate required for reaction Molecular Weight Affects the viscosity and

reactivity of the polyol Lower molecular weight polyols tend to be more reactive and exhibit lower viscosity Viscosity Influences the ease of handling and processing

of the polyol Lower viscosity polyols are easier to mix and process Functionality Refers to the number of hydroxyl groups per molecule Higher functionality polyols

contribute to the crosslinking density of the PU and impact its properties Chemical Composition The type of monomers eg EO PO and their ratio in the polyol chain

influence the overall properties Thermal Stability Determines the temperature at which the polyol remains stable Technological Applications of Polyols 3 Polyols are

integral components of polyurethane production playing a vital role in shaping the final properties of the material Their application varies depending on the desired PU

properties and application Flexible Foams Lowdensity foams typically used in furniture bedding and packaging are often prepared using polyether polyols Rigid Foams

Highdensity foams used in insulation construction and automotive parts often utilize polyester polyols or specialty polyethers Elastomers Polyols with high molecular

weight and low functionality are used in producing resilient and durable elastomers for applications like shoe soles and tires Coatings Polyester polyols are commonly

used for coatings offering good adhesion and scratch resistance Adhesives Polyols with high functionality and specific reactivity profiles are employed for adhesives

ensuring strong bonds and desired properties Biobased PU Applications Biobased polyols are used to create environmentally friendly products such as biobased foams

coatings and adhesives contributing to sustainability Current Trends and Future Directions The polyol industry is constantly evolving to meet the evergrowing demand

for PU materials with enhanced performance and sustainability Key research areas include Biobased Polyols Development of new costeffective biobased polyols with

improved performance and functionality Polyols with Specific Properties Tailoring polyols for specific applications such as flame retardancy thermal conductivity or

specific mechanical properties Sustainable Synthesis Optimizing polyol synthesis processes for energy efficiency reduced environmental impact and lower carbon footprint
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Polyol Blends Exploring the potential of blending different polyols to create unique and customized properties for specific applications Conclusion Polyols are the

fundamental building blocks of polyurethane materials dictating the final properties of the product Understanding their chemistry and technology is critical for designing

and producing PUs with specific performance characteristics The continuing advancements in polyol synthesis and applications are paving the way for the development of

novel and sustainable PU materials satisfying the growing demand for diverse applications As research and development continue the chemistry and technology of polyols

will play a crucial role in shaping the future of polyurethane materials 4
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this book considers the raw materials used to build the polyurethane polymeric architecture it covers the chemistry and technology of oligo polyol fabrication the

characteristics of the various oligo polyol families and the effects of the oligo polyol structure on the properties of the resulting polyurethane it presents the

details of oligo polyol synthesis and explains the chemical and physico chemical subtleties of oligo polyol fabrication this book will be of interest to all specialists

working with polyols for the manufacture of polyurethanes and to all researchers that would like to know more about polyol chemistry

as global priorities shift towards sustainable resources there is a growing interest in alternatives to petroleum based raw materials for industrial polyurethane pu

foam production polyurethane foams pufs produced from the reaction between a polyol a polymer with multiple hydroxyl groups and a diisocyanate are widely used for

their versatility they range from flexible foams like those found in mattresses or furniture to rigid foams used for home insulation the market for pu foams is

anticipated to grow due to rising demand for comfort historically petroleum based polyols have been favored for their availability and versatility however as

petroleum supplies dwindle with oil reserves projected to be exhausted by around 2052 the pressing need for sustainable alternatives is clear to sustain the pu industry

bio based substitutes such as polyols derived from palm soybean castor and sunflower oils have been extensively researched to replace the petroleum based polyol

feedstock this book focuses on applying coconut oil derived polyols in polyurethane foam production offering a detailed examination of their potential benefits and

associated difficulties the introductory chapter outlines the critical need for greener alternatives and emphasizes the significant role of coconut oil as a substitute for

petroleum based polyols subsequent chapters delve into the chemistry and synthesis of coconut oil derived polyols and polyurethanes providing insights into their

properties and contributions to polyurethane formulations this book further provides an overview of how coconut oil s high saturation impacts the polyol production

process and explores methods to overcome these challenges it bridges the gap between raw material science and practical applications using coconut oil in polymer

studies it provides valuable information for researchers and industry professionals aiming to innovate with sustainable polymer materials
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this brief outlines the most recent advances in the production of polyols and polyurethanes from renewable resources mainly vegetable oils lignocellulosic biomass

starch and protein the typical processes for the production of polyols from each of the above mentioned feedstocks are introduced and the properties of the resultant

polyols and polyurethanes are also discussed

this first volume of the updated and extended 3rd edition of this work covers the basic chemistry and technology of oligo polyol fabrication the characteristics of the

various oligo polyol families and the effects of their structure on the properties of the resulting pu this book is of interest to chemists and engineers in industry and

academia as well as anyone working with polyols for the manufacture of pus

polyurethanes are one of the most dynamic groups of polymers they find use in nearly every aspect of modern life in applications such as furniture bedding seating and

instrument panels for cars shoe soles thermoinsulation carpet backings packaging adhesives sealants binders and as coatings in 2004 10 6 million tons of polyurethanes

were produced in 2014 the world production was close to 20 million tons in the last decade 2005 2015 important worldwide developments in the area of polyols

for polyurethanes were carried out especially for polyols from renewable resources described in detail in this second edition of the book the main raw materials used for

the production of pu are polyols and isocyanates the first of these is the subject of this two volume handbook volume 1 is dedicated to polyols for elastic pu

flexible foams elastomers and so on volume 2 is dedicated to polyols for rigid pu rigid foams wood substitute packaging flotation materials and so on the book

considers the raw materials used to build the pu polymeric architecture it covers the chemistry and technology of oligo polyol fabrication the characteristics of the

various oligo polyol families and the effects of the oligo polyol structure on the properties of the resulting pu it presents the details of oligo polyol synthesis and

explains the chemical and physico chemical subtleties of oligo polyol fabrication this book links data and information concerning the chemistry and technology of oligo

polyols for pu providing a comprehensive overview of basic pu chemistry key oligo polyol characteristics synthesis of the main oligo polyol families including polyether

polyols filled polyether polyols polyester polyols polybutadiene polyols acrylic polyols polysiloxane polyols aminic polyols polyols from renewable resources flame

retardant polyols chemical recovery of polyols relationships between polyol structure and pu properties this book will be of interest to all specialists working with
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polyols for the manufacture of pu and to all researchers that would like to know more about polyol chemistry

polyurethanes are one of the most dynamic groups of polymers they find use in nearly every aspect of modern life in applications such as furniture bedding seating and

instrument panels for cars shoe soles thermoinsulation carpet backings packaging adhesives sealants binders and as coatings in 2004 10 6 million tons of polyurethanes

were produced in 2014 the world production was close to 20 million tons in the last decade 2005 2015 important worldwide developments in the area of polyols

for polyurethanes were carried out especially for polyols from renewable resources described in detail in this second edition of the book the main raw materials used for

the production of pu are polyols and isocyanates the first of these is the subject of this two volume handbook volume 1 is dedicated to polyols for elastic pu

flexible foams elastomers and so on volume 2 is dedicated to polyols for rigid pu rigid foams wood substitute packaging flotation materials and so on the book

considers the raw materials used to build the pu polymeric architecture it covers the chemistry and technology of oligo polyol fabrication the characteristics of the

various oligo polyol families and the effects of the oligo polyol structure on the properties of the resulting pu it presents the details of oligo polyol synthesis and

explains the chemical and physico chemical subtleties of oligo polyol fabrication this book links data and information concerning the chemistry and technology of oligo

polyols for pu providing a comprehensive overview of basic pu chemistry key oligo polyol characteristics synthesis of the main oligo polyol families including polyether

polyols filled polyether polyols polyester polyols polybutadiene polyols acrylic polyols polysiloxane polyols aminic polyols polyols from renewable resources flame

retardant polyols chemical recovery of polyols relationships between polyol structure and pu properties this book will be of interest to all specialists working with

polyols for the manufacture of pu and to all researchers that would like to know more about polyol chemistry

volume 2 of the updated and extended 3rd edition of this work focuses on the chemistry and technology of rigid polyurethanes recent developments in obtaining polyols

from renewable resources and the field of rigid polyurethanes have been included this book is of interest to chemists and engineers in industry and academia as well as

anyone working with polyols for the manufacture of pus

this first volume of the updated and extended 3rd edition of this work covers the basic chemistry and technology of oligo polyol fabrication the characteristics of the
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various oligo polyol families and the effects of their structure on the properties of the resulting pu this book is of interest to chemists and engineers in industry and

academia as well as anyone working with polyols for the manufacture of pus

this book is about polyurethane chemistry renewable polyols and isocyanates

a complete overview of a key plastic one of the most versatile polymer materials polyurethanes have a unique chemical nature that allows for shaping and molding to

fit all sorts of consumer and industrial products seat cushions carpets insulation coatings and refrigerators to name a few despite its popular uses polyurethane

science has only relatively recently achieved appreciation for the richness of its expression as a polymer family this book provides a thorough presentation of

polyurethane science technology markets and trend analysis based on recent patents although it does not provide ultimate detail such as explicit information typically

in patents the book has a flow and continuity that allows readers to find all the background necessary to understand any other more detailed polyurethane

information found elsewhere anyone involved in the polymer and plastics industry will find this book a key resource with features that include an in depth summary of

the current state of polyurethane research and knowledge discussion of the applications manufacture and markets for polyurethanes analytical methods reaction

mechanisms morphology theoretical techniques and the selection of chain extenders polyurethane flexible and rigid foams elastomers coatings adhesives and medical

applications in depth coverage of governmental regulations non isocyanate non phosgene routes to polyurethane structure and industrial routes to environmental health

and safety risk mitigation

polyurethanes are formed by reacting a polyol an alcohol with more than two reactive hydroxyl groups per molecule with a diisocyanate or a polymeric isocyanate in

the presence of suitable catalysts and additives because a variety of diisocyanates and a wide range of polyols can be used to produce polyurethane a broad spectrum

of materials can be produced to meet the needs of specific applications during world war ii a widespread use of polyurethanes was first seen when they were used as a

replacement for rubber which at that time was expensive and hard to obtain during the war other applications were developed largely involving coatings of different

kinds from airplane finishes to resistant clothing subsequent decades saw many further developments and today we are surrounded by polyurethane applications in every
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aspect of our everyday lives while polyurethane is a product that most people are not overly familiar with as it is generally hidden behind covers or surfaces made of

other materials it would be hard to imagine life without polyurethanes

selected peer reviewed papers from the 2012 international conference on advanced composite materials and manufacturing engineering cmme 2012 october13 14 2012 beijing

china

handbook of polyurethanes serves as the first source of information of useful polymers this new book thoroughly covers the entire spectrum of polyurethanes from

current technology to buyer s information discussions include block and heteroblock systems rubber plasticity structure property relations mi

polyurethane pu foams have great applications in industry the raw materials of pu polyol and isocyanate are conventionally derived from petroleum bio based polyols

are promising substitutes for petrochemical polyols due to their sustainability this project studied water blown polyurethane pu foams made from soy polyols the

flexible bio based pu foams were successfully produced by mixing petroleum polyol and commercial soy polyols with different hydroxyl numbers and functionalities the

effect of hydroxyl number and functionality of soy polyols and the effect of tin catalyst cross linker levels and isocyanate index on foam properties were identified

water blown rigid polyurethane pu foams were made from 0 50 soy phosphate polyol spp and 2 4 water as the blowing agent the effects of water content and

isocyanate index on physical properties of spp pu foams were investigated low density soy polyol based rigid pu foams were modified with different concentrations of

glass microspheres and nanoclay the physical properties especially the mechanical properties were studied the effects of high viscosity soy polyols 13 000 cp to 31

000 cp on water blown rigid polyurethane foams sbo pu foams containing 1 50 high viscosity soy polyols were investigated with regard to density compressive

strength foams made from high viscosity 21 000 to 31 000 cp soy polyols demonstrated comparable or superior value to the control foam

for the past 10 years polyurethane polymers have been one of the fastest growing segments of the plastics industry over 900 million pounds of polyurethanes were

used in 1970 approximately 30 of this amount was consumed in the form of rigid urethane foam products this study undertakes a comparison of the properties of rigid
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urethane foams based on both a polyester polyol and polyether polyol of the same hydroxyl number prepared from alpha methylglucoside this comparison of ester and

ether polyols in urethane foams is closer than in previous studies because 1 both types of polyols are based on alpha methylglucoside 2 they both have the same

hydroxyl number and functionality and 3 the rigid foams in which they are used have been formulated to have essentially the same crosslink density several physical and

thermal properties of the foam systems were determined a discussion of test results as they relate to the presence of the ester and ether linkages in the polyols is

presented

selected peer reviewed papers from the 2nd international conference on mechanical engineering materials science and civil engineering icmemsce 2013 october 25 26 2013

beijing china

soy based polyol used in polyurethane applications are sustainable and renewable materials which have been reported to require less energy to produce and to have

lower market price they also have less environmental impact expand soybean market for soybean farmers and help to reduce consumption of petrochemical based materials

this project proposes new soy based polyols produced by enzymatic routes and having good reactivity in polyurethane foam production multiple enzymatic routes were

evaluated to improve the functionality reactivity of soy based materials all enzyme reactions proposed in this work were successfully operated at low temperature

less than 70oc and most of the reaction did not require organic solvent which was occasionally required to preserve enzyme activity the enzyme technology encourages

the development of green chemistry and sustainability for urethane consumers the results conclusively demonstrated that selective enzymes can synthesize improved soy

based polyols with high yield and selectivity in manners not possible with conventional chemistry
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