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Abstract. Two novel polyurethane films were successfully synthesized. One was from 
hydroxylated tung oil (HTO) and polymethylene polyphenyl isocyanate (PAPI), which was 
designated as HTO-PAPI; and the other was from HTO end-capped a traditional polyurethane 
prepolymer and PAPI, which was designated as PP-HTO-PAPI. FTIR and NMR results show 
that the prepared HTO-PAPI and PP-HTO-PAPI are the expected structures. Mechanical 
testing result shows that the Young's modulus and elongation at break for HTO-PAPI and PP-
HTO-PAPI are 282.13 MPa, 1.8 MPa and 14.15%, 218.23%, respectively, indicating that the 
two polyurethane films have very distinctive properties. And the properties can be controlled 
by incorporating different ratio of HTO and prepolymer. The present work provides a good 
foundation for the synthesis of novel polyurethane adhesives that will be hopefully used in 
different applications. 
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1. Introduction 
Polyurethane is a typical segmented copolymer generally composed of soft and hard segments. The 
soft segment has a long chain polyol (usually polyether or polyester polyol) with molecular weight of 
1000-3000g/mol while the hard segment consists of an isocyanate and a small molecular chain 
extender, usually a diol or diamine. The soft segment offers elasticity while the hard segment acts as 
the physical crosslinking point and plays the key role in determining mechanical properties[1]. 

Hydroxyl-modified tung oil or hydroxylated tung oil (HTO), which is prepared from a natural plant 
oil, namely tung oil, is a type of new polyol[2-3]. According to its structure and molecular weight 
(Figure 1), it is neither a typical polyol as soft segment, nor the typical chain extender as one part of 
hard segment. The same conjugated triene structure as tung oil makes HTO have post-polymerization 
function [4] while the long pendent chain possibly has some plasticization. Therefore HTO is a type of 
special new polyol that have shown its special function in polyurethane dispersion in our previous 
work [5]. Among the different isocyanates, polymethylene polyphenyl isocyanate (PAPI) has 
functionality of over 2, which can be used for preparing crosslinked materials [6-7]. However, there 
are few reports on PAPI related polyurethane, possibly because the reaction involved is hard to control.   
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In the present work, we briefly report the synthesis and structure/mechanical characterization of 

two novel polyurethanes HTO-PAPI and PP-HTO-PAPI. It is of important significance to incorporate 
both HTO and PAPI into polyurethane chain not only because HTO is from a renewable source, but 
also the function of HTO is special and worth to be deeply studied.  

2.  Experimental   
Synthesis of HTO-PAPI. The HTO dried in a vacuum oven was added to a four-necked flask with 
nitrogen protection, and PAPI was added at a certain ratio. An appropriate amount of solvent dimethyl 
carbonate (DMC) was added. A drop of phosphoric acid was added when the temperature is about 
40°C. Then temperature was raised to 60~70 °C and was maintained for one and half hours.  
Synthesis PP-HTO-PAPI. The dry HTO was added to a four-necked flask, and the PP (prepared from 
polytetrahydrofuran (PTMG) and diphenylmethane diisocyanate (MDI) was added at a ratio of –NCO: 
-OH = 1:2. After this step of reaction was over, PAPI was added at a ratio of -NCO:-OH = 1:1.    

NCO content was determined to trace the extent of polymerization during above syntheses. When 
the reactions were over at certain condition, the product was poured into polytetrafluoroethylene 
(PTFE) disc to dry at room temperature. 

Figure 1 shows the pathway for the preparation of two polyurethanes. 

 
(a) 
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(b) 

Figure. 1. Synthesis routes of two polyurethanes a: PAPI-HTO; b:PP-HTO-PAPI 

3.  Results and discussion  

3.1. Structural characterization 
Figure 2 is the comparative FTIR spectra of two polyurethanes based on different compositions. It can 
be observed that the characteristic bands of urethane in both PP-HTO-PAPI and PAPI-HTO are very 
obvious, including the vNH band at 3326cm-1, the urethane vC=O band at 1727 cm-1 as well as the 
amide II and amide III bands [8-9] at 1534cm-1 and 1219cm-1, respectively. It is also seen that there is 
small band at around 993cm-1 [4], showing the triene structure remains in two polyurethanes. 

 
Figure. 2. FTIR spectra of PP-HTO-PAPI and PAPI-HTO  
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Moreover, it can be noted that the band intensity at 2855cm-1 and at 1109cm-1 are significantly 

stronger in PP-HTO-PAPI than that in PAPI-HTO. This result shows that PP prepared by MDI and 
PTMG has been introduced into PP-HTO-PAPI, as PTMG contains more CH2 group and ether oxygen 
bond.  

In addition to FTIR, 1HNMR was also used to characterize the two structures. Among the chemical 
shifts, the peak standing for carbamate hydrogen at δ 6.8 ppm as well as the group peaks representing 
conjugated double bonds at δ 5.38-6.35ppm from HTO [4, 10] all show that the HTO structure bearing 
triene bonds have been introduced to two polyurethane chains.  

Above results show that the expected polyurethane structures have been successfully synthesized in 
PP-HTO-PAPI and PAPI-HTO films.   

3.2. Mechanical properties 
 

 
Figure. 3. Stress-strain curve of PAPI-HTO film 

 
Figure. 4. Stress-strain curve of PP-HTO-PAPI  film 

 
Table 1 .Mechanical Properties of two types of polyurethane films 

Sample Tensile strength (MPa) Young’s modulus (MPa) Elongation at break (%) 
PAPI-HTO 41.37 282.13 14.15 

PP-HTO-PAPI 4.56 1.80 218.23 
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Figure 3 and Figure 4 are the stress-strain curves of both PAPI-HTO and PP-HTO-PAPI films; 
Table 1 presents the Young’s modulus and elongation at break. It is seen that the two polyurethane 
films have very distinctive properties. The Young’s modulus and elongation at break of HTO-PAPI 
are 282.13 MPa and 14.15%, while those of PP-HTO-PAPI are 1.80 MPa and 218.23%, respectively. 
These results indicate that the HTO-PAPI film is a hard and strong material that breaks before the 
material cracks whereas the PP-HTO-PAPI film is soft and tough material. The results also show that 
the structure of soft and hard segments in polyurethane has obvious effect on their properties. For 
PAPI-HTO, the post-polymerization [11-12] of the three conjugated double bonds in HTO is expected 
to make additional contribution on the hard and strong properties in addition to PAPI’s polyfunctional 
cross-linking[13-14], while for PP-HTO-PAPI, the introduction of soft segment reduces the 
crosslinking density and increases the elasticity. Therefore, polyurethane adhesives with different 
properties based on above compositions can be hopefully used for different applications. More 
research work is under way. 

4. Conclusions 
In summary, two types of polyurethane PAPI-HTO and PP-HTO-PAPI were successfully synthesized, 
and FTIR and 1H-NMR were used to characterize their structures. The mechanical properties can be 
adjusted from hard and strong to soft and tough via selection of compositions, whereas the multi-
functional NCO groups in PAPI and the post-polymerization properties of the conjugated triene bonds 
in HTO would give the film good properties. The results can provide a good theoretical basis for the 
preparation of novel polyurethane adhesive.  
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