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 Abstract:   
Basically polyurethanes are synthesized by reacting a diisocyanate, polyol and a chain extender diol. Once 

the chemical reaction of its components has taken place, the result is a polyurethane foam that is 

completely inert and harmless to humans. Cementitious polyurethane flooring is one of the most popular 

surface choices for clients working within the food and beverage sector as it offers higher strength, better 

heat resistance and improved chemical resistance than epoxy or MMA alternatives. Thus our choice is to 

synthesize some polyurethanes and its block copolymers. So, a series of polyurethane based on 4,4'-

diphenylmethane diisocyanate (MDI), polypropylene glycol (PPG, M.W. 1000), 1,4-butane diol (BD) and 

1,1,2,2-tetraphenylethanediol (TPED) were synthesized by the prepolymer method. The molar ratio 

maintained in all the synthesis was MDI:PPG:short chain diol( 3:1:2). Here, MDI and PPG were reacted 

first thermally followed by chain extension with short-chain diols BD and TPED. Polyurethanes having 

such sterically hindered carbon-carbon bonds may also act as thermal macroiniferters. These thermal 

polyurethane macroiniferters were used to prepare polyurethane-block polyvinyl copolymers. A 

photoinitiator, N,N-Diethyldithiocarbamato-(1,2)-propanediol (DCPD) with a pendent N,N-

Diethyldithiocarbamato group was  synthesized from sodium N,N-Diethyldithiocarbamate (NaSR) and 3-

chloro-1,2-propanediol(CPD). Polyurethane macrophoto iniferters having such pendent N, N-diethyl 

dithiocarbamato groups in its backbone were used to synthesize polyurethane-graft-poly 2-Hydroxyethyl 

methacrylate copolymers through photopolymerization. The photopolymerization reactions were carried 

out in the Heber multilamp photochemical reactor (Compact- LP-MP 88) at 254 nm. The thermal 

properties of both the polyurethanes and their corresponding vinyl block and graft copolymers were 

studied by thermogravimetric analysis (TGA). 

Keywords : Block and graft copolymer, macroiniferters, polyurethane, radical polymerization, TGA, 

SEM. 

Introduction  

Polyurethanes are an important subclass of the family of thermoplastic elastomers. Due to the 

different polarity and chemical nature of these segments, they tend to separate into two phases usually 

referred to as soft and hard phases. Hard segments usually associate into hard domains because of the 

rigidity of the molecules and their intermolecular hydrogen bonding.  

 The extent of phase separation is directly related to the degree of interaction between the soft and 

hard segments. It has been reported that in polyester and polyether-based polyurethanes, some of the 

urethane N-H groups could form hydrogen bonds with the oxygen atoms of ether or ester linkages causing 

partial phase mixing. Polyvinyls are polymers of vinylic monomers, like styrene, methyl methacrylate 

(MMA), methyl acrylate, acrylic acid, acrylonitrile (AN), acrylamide etc.  

                                                                                                                       

 
  The versatility of polyurethane makes it widely used in medical and pharmaceutical applications

1
. There 

are polyurethanes that are biodegradable and harmless, and offer excellent benefits such as durability, 

flexibility and resistance. It also stands out for its positive biocompatibility, its resistance to bending and 

adaptability to different types of applications. In addition to its elastomeric properties we must add 

its hardness, resistance to tearing and abrasion. In fact, polyurethane is present in our lives in hundreds of 

forms, some directly in contact with skin or other fabrics: seats, shoes, coverings, bags, cushions, 

mattresses, children's toys and other surgical materials. Like all building materials, polyurethane is subject 

to national and European laws that guarantee the safety of building users. In the late 1970s, polyurethanes 
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with a wide range of permeabilities and performance as a microbial barrier were developed.  

Copolymerization of various monomers allows the physical and chemical properties such as water content, 

refractive index, hardness and oxygen permeability to be controlled. High water content lens materials are 

obtained by copolymerizing moderately hydrophilic HEMA with highly hydrophilic ionic monomers such as 

methacrylic acid (MAA) or with highly hydrophilic nonionic monomers such as N-vinyl pyrrolidone (NVP)
2
. 

The polar lactam moiety of NVP and the ionic functionality of MAA cause these polymers to have high 

water contents. Thus the different types of HEMA-based contact lenses have distinct surface chemistry, 

surface charge and water content which influence the rate and nature of deposit formation on the contact lens 

surface.
 
 

Food safe polyurethane is such that it is resistant to mineral and vegetable oils, and aromatic 

hydrocarbons, making it a perfect choice for food grade applications. This material meets food and drug 

administration (FDA) requirements and national sanitation foundation (NSF) regulations for food 

processing applications, and is non-toxic and non-allergenic. Our food, pharmaceutical and dairy material 

grades have been specially developed to provide high performance food grade seals with excellent 

mechanical capabilities and chemical resistance. Elastomeric materials are available in several grades 

compliant with the requirements of the food and drug administration. In the food grade, beverage and 

pharmaceutical industries it is most important to choose the correct material for the particular 

requirements. Being one of the essential components in almost all food processing equipment and systems, 

the gaskets and seals have also undergone several modifications. Instead of using the gaskets and seals 

made from normal plastic materials, the food processing industry has started using equipment and systems 

with food grade gaskets and seals. This drastic move was based on the realization that most of the food 

contamination or sanitary issue is caused from sealing or gasket units made from poor quality materials. 

There is a overabundance of choices when it comes to gasket material including polytetrafluoroethylene 

(PTFE), polyurethane, silicone and Viton (a common name for the copolymer of hexafluoropropylene and 

vinylidene difluoride). Amongst these, polyurethane is chosen to make FDA accepting gaskets and seals. 

Many industries are turning to urethane parts and products for a variety of applications. Cast 

urethane offer many benefits over conventional materials such as elastomers and plastics including 

strength, toughness, durability, and versatility. One of the industries taking advantage of cast 

urethane is food processing
3
. The food processing sector utilizes a broad spectrum of cast urethane 

parts and components. Urethane products manufactured for the food processing industry 

include rings, gaskets, scrapers, chute liners, tabletops and custom molded FDA approved items.  

Food production is a demanding industry where sanitation is critical and the risk of contamination 

must be minimized. For these reasons, components used in food packaging and processing equipment 

are required to be FDA compliant. There are two main types of food processing applications that are 

based on the production environment: wet and dry. FDA grants approval for production equipment 

for either wet or dry service. 

The scope of utility of polyurethanes can also be widened by its modifications. One way of 

modification may be its block and graft copolymerization with vinyl monomers.  

        A number of review articles have appeared
4-5 

to deal with the chemistry and technology of linear, 

branched, grafted, network polyurethanes. Linear segmented polyurethanes, which are essentially block 

copolymers made up of hard and soft chain segments in an alternating fashion, exhibit many of the 

properties of crosslinked elastomers and are of particular importance
6
  

 In recent years, a number of polymeric system based on reversible termination of growing 

radicals were reported in order to improve the radical polymerization, such as iniferters where the same 

species served the purpose of initiator, transfer agent and/or terminator. For controlled incorporation of 

vinyl blocks into polyurethane blocks, iniferter concept developed by Otsu 
7-8

can be employed. 

           Two types of iniferters ,one is thermally and another is photochemically active, are used for block 

and graft copolymerization process. The C – C bond in tetraphenyl ethane moiety is sterically hindered, 

thermally labile and acts as a thermal iniferter. Polyurethane with this thermally labile group behaves as 

thermal macroiniferter
9-13

 which can be used for block copolymerization process with other vinyl 

monomers.  Again, C – S bond is photo chemically ruptured at around 254 – 366 nm and if such photo 

labile moieties are incorporated into polyurethane backbone then it may act as macrophotoiniferters. N, N-

diethyl dithiocarbamato group is known to act as photoiniferter. When a diol with pendent N,N-diethyl 

dithiocarbamato group is incorporated into polyurethane backbone then it can be used to synthesise 
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polyurethane-graft-polyvinyl copolymers. Most of the thermal iniferters containing carbon-carbon bonds 

are symmetrically disubstituted tetraphenylethane derivatives.  

             In this paper, we describe the synthesis of polyurethane macroiniferters, both thermal (PUMI)  and 

photochemical (PUSR) by varying the percentage of components such as TPED or DCPD and 1,4-

butanediol (BD) with 4,4′-diphenylmethanediisocyanate(MDI). The   Tetraphenyl ethane and its 

derivatives having a sterically hindered carbon- carbon single bond are known to act as thermal iniferters 

in free radical polymerization. The C – S bond present in dithiocarbamato group is photo chemically 

cleaved at around 254 – 366 nm and if such photo labile moieties are incorporated into polyurethane 

backbone then it may act as macrophotoiniferters (PUSR). This PUSR having pendent N,N-diethyl 

dithiocarbamato group can be used to synthesize polyurethane-graft-polyvinyl copolymers. The thermal 

stability of the resultant PU-block-polyvinyl and PU- graft-polyvinyl copolymers are characterized by 

TGA.  

Experimental 
    All solvents and chemicals were purified according to the methods given in a standard text

14
. 

2.1. Synthesis of polyurethane thermal macroiniferters based on MDI, PPG, BD and / or TPED  
MDI (2.0052 g), PPG (2.6606 g), varying amount of BD and / or TPED were taken in the  molar 

ratio 3:1:2 respectively to synthesize polyurethane macroiniferter (PUMI). MDI and PPG were reacted first 

at 70
0
C for 1 ½ h under dry nitrogen-atmosphere. The reaction mixture was cooled below to 50

0
C and BD 

and/or TPED dissolved in 20 ml methyl ethyl ketone (MEK) was added drop wise through the pressure 

equalising funnel. This was followed by the addition of catalyst dibutyl tin dilaureate. The reaction mixture 

was then again heated at 50
0
C for 6 hours and finally the polymer was precipitated from water. It was then 

dried in a vacuum oven for several days.  

2.2. Synthesis of polyurethane macrophotoinitiators based on MDI, PPG, BD and /or DCPD 
 MDI (2.0052 g), PPG (2.6606 g), varying amount of BD and / or DCPD were taken in the molar 

ratio of 3:1:2 to synthesize polyurethane macrophotoinitiators (PU-SR). MDI and PPG were reacted at 

70
0
C for 1½ h under nitrogen atmosphere. Then the temperature of the reaction mixture was lowered 

below to 50
0
C. The chain extender mixture of BD and DCPD at different compositions were dissolved in 

20 ml dimethyl sulphoxide (DMSO) and slowly added from a pressure equalising funnel to the reaction 

mixture. This was followed by the addition of catalyst dibutyl tin dilaureate and then the reaction mixture 

was again heated at 90
0
C. At the end of six hours the reaction mixture was poured into water to precipitate 

the resultant polymer. It was then dried in a vacuum oven for several days.  

2.3. Polyurethane- block -polyvinyl copolymers  
 The polyurethane with this sterically hindered carbon-carbon single bond are known to act as 

thermal iniferters in free radical polymerization process. They are used to synthesize a number of 

polyurethane-polyvinyl block copolymers. The vinyl monomers used were acrylamide (AM) and 2-

hydroxyethyl methacrylate (HEMA). A mixture of  polyurethane macroiniferter(PU-100%, 1.3044 g) and 

AM (2.0508 g)  in 20 ml DMF were heated under nitrogen atmosphere at 50
0
C for 8 h, in constant 

agitation. At the end of reaction, the polymers were precipitated by pouring the mixture into methanol and 

then filtered. The polyurethane – block – polyacrylamide (PUMI-b-PAM) copolymers were then freed 

from polyacrylamide (PAM) homopolymers by washing with hot water, methanol and finally soxhlet 

extraction with acetone. The purified product were dried under vacuum for several days. 

Further, a mixture of polyurethane macroiniferter(PU-100%, 1.3044 g) and HEMA (2.0508 g)  in 

20 ml DMF were heated separately under nitrogen atmosphere at 80
0
C for 12 hours and then the products 

were precipitated by pouring the mixture into large volume of water. The block copolymers were then 

freed from poly 2-hydroxyethyl methacrylate (PHEMA) homopolymers by soxhlet extraction with 

methanol. The purified product PUMI -b-PHEMA copolymer was dried under vacuum for several days.  

2.4. Polyurethane- graft -polyvinyl copolymers  
A mixture of PUMI (0.4157 g) and HEMA in various amount (from 0.5024) in DMSO (10 ml ) was first 

purged with dry nitrogen. The reaction tube was then sealed and photoirradiated in photochemical reactor 

at 254 nm for 6 hours. The resultant polymers was isolated by precipitation in water and filtered. The graft 

copolymer was freed from the PHEMA homopolymers by soxhlet extraction with methanol-water system.  

3. Results And Discussion 
The thermal properties of polyurethane macroiniferters and their corresponding block and graft 

copolymers
15-18 

were characterized by thermogravimetry analysis.  

Thermogravimetry analysis (TGA) 
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In this analysis, the mass of a sample is continuously recorded as a function of temperature. Reactions or 

changes that occur within the same temperature range give thermogravimetric curves that appear to consist 

of one continuous mass loss. A derivative mode of thermogravimetric curve termed as DTG is useful in 

detecting partially overlapping reactions involving the formation of weakly stable intermediates. In such 

cases the DTG plots give distinct peaks corresponding to each mass loss. 

 The thermogravimetric analysis results can be used for diagnostic purposes as no two polymers 

will have the same thermogram. Further, the weight loss curves may be used as a proof of the formation of 

copolymers. This is because the weight loss curves of random copolymers, block copolymers and graft 

copolymers tend to be different from each other and also from the homopolymers. The TGA- thermograms 

of PUMI and its block were shown in the figures 1, figures 2 and figures 3. The TGA- thermograms of 

PUSR and (PUSR )-g-PHEMA graft copolymer were also shown in Figure 4 and Figure 5 respectively. 

The difference in the nature of the thermograms indicated differences in their chemical composition which 

was the result of block and graft copolymerization of vinyl monomers on polyurethane backbone.  

 

Fig. 1  TGA -Thermogram of polyurethane macroiniferter (PU-100%) 

 

                 Fig. 2  TGA -Thermogram of PU100-b-PAM copolymer         
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Fig. 3 TGA -Thermogram of PU100-b-PHEMA copolymer 

The TGA-thermograms of PU-b-PAM (Fig. 2) based on polyurethane macroiniferters (PU-100%) 

indicated two major weight loses at around 305
0
C and 408 

0
C respectively.  Further, two major weight 

loses at around 335 to 340
0
C and 430

0
C are also observed in case of PU-b-PHEMA (Fig. 3). The weight 

loss patterns were distinctly different from that of the macroiniferters which showed a three-step weight 

loss process. The differences in the nature of thermograms again can be considered as a proof of different 

chemical nature of the polymers which was the result of copolymerization process. The block copolymer 

appeared to have a better thermal stability than that of the polyurethane macroiniferter.  

 

                        Figure 4: TGA-Thermogram of polyurethane macrophotoinitiator (PUSR).   
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                               Figure 5: TGA-Thermogram of (PUSR) -g-PHEMA copolymer. 

The TGA- thermograms of PUSR and (PUSR)-g-PHEMA copolymer are shown in Figure 4 and Figure 5 

respectively. The difference in the nature of the thermograms indicated differences in their chemical 

composition which was the result of graft copolymerization of PHEMA on polyurethane backbone. The 

macrophotoinitiator showed the one stage degradation at 375 
0
C. On the other hand the graft showed 

degradation at 398.88 
0
C. Apparently the thermal stability was marginally increased as a result of graft 

copolymerization.     

Conclusions 

The study demonstrates the successful synthesis of polyurethane block and graft copolymers with the help 

of polyurethane macroinitiators, thermal and photo initiator. The polyurethane with the pendent N,N-

diethyldithiocarbamate groups was used to synthesize  (PUSR)-g-PHEMA graft copolymer. The thermal 

propertites of polymeric materials synthesized was done by the thermogravimetric analysis. The 

differences in the nature of thermograms can be considered as a proof of different chemical nature of the 

polymers which was the result of copolymerization process. The block and graft copolymer appeared to 

have a better thermal stability than that of the polyurethane macroiniferters. So, It will be possible to apply 

this system to synthesize block and graft copolymers of choice and that polyurethane copolymers may also 

impart better and improved properties for their further application in different fields towards our society.  
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