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Abstract. A new prepolymer of polyurethane acrylate (PUA) was synthesized from cyclohexanone- 

formaldehyde resin (CFR) with high hydroxyl value, toluene diisocyanate (TDI) and 2-hydroxyethyl 

methacrylate (HEMA) by using dibutyltion dilaurate as catalyst via two steps. The result from Fourier 

transform infrared spectrum (FT-IR) showed that methacrylate group was introduced into the 

terminal of CFR by using TDI as bridge and curable PUA was obtained. Then, the PUA was cured by 

using azodiisobutyronitrile as catalyst at 110-130
o
C for 2h. The resulting product has excellent 

solvent resistance. 

Introduction 

A low molecular weight non-conventional cyclohexanone-formaldehyde resin (CFR) shows unique 

compatibility with a great number of polymers. It is soluble in most organic solvents such as aromatic 

hydrocarbons, ketones, esters, alcohols, etc. It is usually used as additives to modify the properties of 

high molecular weight film formers [1-4]. But it has some disadvantages such as the poor thermal 

stability, yellowing resistance and the deep color, which limits its application in coating to a certain 

degree. If used in coating or adhesive system, it couldn’t cross-link with main resins and form 

network structure, so the obtained coating often owned low resistance toward chemical, gasoline or 

solvent [5]. Some works on modifying CFR have been performed [6-9]. Polyurethane acrylate (PUA) 

is an important curable prepolymer, and may be prepared from a di-(or poly-) isocyanate, a polyol, 

and an acrylate with hydroxyl groups [10, 11]. PUA can be cured under UV irradiation or heating and 

a polymer with three-dimensional network structure will form. The polymer usually provides 

excellent physical and mechanical properties, such as adhesion on substrates, flexibility and impact 

strength [12, 13]. However, little work has been performed to prepare PUA based on CFR. Having 

reactive methylol group, CFR can easily react with isocyanate [14-16]. Therefore, development of a 

new PUA based on CFR would be of scientific and industrials importance. 

In this paper, a new prepolymer of PUA was synthesized from CFR with high hydroxyl value. The 

structure of the obtained prepolymer was characterized by FT-IR spectrum. Then, the prepolymer 

was cured under heating and the solvent resistance of the product was measured.  

Experimental 

Materials. Cyclohexanone-formaldehyde resin (CFR) was provided by Yueyang Intech Synthetic 

Materials Co. Ltd. Bromo-phenol blue, azodiisobutyronitrile, hydrochloric acid, 5A molecular sieve, 

methanol and the other materials were of analytical grade and obtained from the Kermel Reagent Co., 

Tianji, China. Toluene diisocyanate (TDI) and hydroquinone was used without any further 

purification. Hydroxyethyl methacrylate (HEMA), dibutyltin dilaurate (DBTDL), butyl acetate, 

acetone, toluene, dibutyl amine, and tetrahydrofuran were used after drying over 5-A molecular 

sieves. 

Instruments. FT-IR were recorded on a Thermo Nicolet Avatar 370 FT-IR Spectrometer, within a 

spectral range of 400-4000cm
-1

.Samples for FT-IR analysis were prepared by drying dispersions 

directly on KBr pellet. 
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Determination of the content of the free isocyanate group. Determination of the content of 

-NCO group in reaction mixture was performed according to reference [10], Firstly, superfluous 

dibutyl amine reacted with the free isocyanate group, then the residual dibutyl amine was titrated by 

using HCl, and bromo-phenol blue was chosen as the indicator. 

Synthesis of polyurethane acrylate (PUA). PUA was synthesized via a two-step procedure 

(Fig.1). Firstly, 22g of CFR (-OH value 280mg KOH/g, acetic anhydride method), 60g butyl acetate, 

17.4g TDI and 1% DBTDL (based on the mass of the CFR) were mixed in a four-necked flask 

equipped with a nitrogen inlet, a mechanical stirrer, a temperature sensor and a drying tube. The 

mixture was stirred at 30
o
C until its -NCO value was reached to half of the initial value, and an 

intermediate product, CFR-TDI was acquired. Secondly, 13g of HEMA and 1g of hydroquinol as 

inhibitor were added to the above-obtained mixture, the reaction proceeded at 50
o
C until the -NCO 

value was less than 0.1%. Finally, 100ml of methanol was added into the mixture, a precipitation was 

formed. After the solvent was removed, the precipitation was washed with deionized water for three 

times, then filtrated under negative pressure and dried at 50
o
C. 
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Fig.1 Schematic illustration of the procedure involved in preparation of polyurethane acrylate 

 

Thermocuring experiment. PUA was dissolved in small amount of tetrahydrofuran, followed by 

adding azodiisobutyronitrile (1% of the mass of the PUA) as initiator. The obtained mixture was 

stirred well for 10-15min. After the solvent was evaporated, the mixture was cured by heating at 

110-130
o
C for 2h in an air circulated oven, then cooled to room temperature in the desiccator. Thus, a 

thermo-cured polymer (TCP) was acquired. 

Test of the solvent resistance. The solubility of various samples was investigated as follows: 20 

mg of solid sample and 2mL of solvent were mixed in a test tube and shaken at room temperature. If 

dissolution occurred in 5min, it was considered to be soluble. If dissolution was not completed at 

room temperature or under heating, it was considered to be slightly soluble. If the dissolution did not 

occur at room temperature or under heating, it was considered to be insoluble. 

Results and discussion 

Effect of reaction time on the content of –NCO group in reaction mixture. Effect of reaction time 

on the content of –NCO group was shown in the Fig.2. The content of –NCO group decreased with 

the increasing of time. After CFR reacted with TDI for 2h at 30
o
C, the content of –NCO group was 

4.36%, approximately to half of the initial value of 8.36%. Then, HEMA was added and reacted with 

the rest –NCO group. After the reaction had lasted for another 3h, the content of –NCO group 

decreased to 0.1%. The reaction was keep for another 0.5h so that the content of free –NCO group 

was less than 0.1%. Therefore, the reaction time for preparation of PUA was chosen to be 2h in the 

first step and 3.5h in the second step. 
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Fig.2 Effect of reaction time on the content of –NCO group 

 

FT-IR analysis of various samples. The FT-IR spectra of various samples were shown in Fig.3. 

The broad absorption band near 3391cm
-1

 in Curve 1 of Fig.3 was ascribed to the stretching vibration 

of -OH group in CFR (1), and the intensity of this peak greatly decreased in Curve 2, 3, 4 of Fig.3, 

which indicated that most of -OH group in CFR had reacted with TDI while CFR-TDI (2), PUA (3) or 

TCP (4) formed. The peak at 2261cm
-1

 in Curve 2 of Fig.3 was assigned to the asymmetric stretching 

vibration of -NCO group, suggesting that one -NCO group in TDI had reacted with -OH group in 

CFR and another -NCO group in TDI had been introduced into CFR-TDI (2). The disappearance of 

the peak at 2261cm
-1

 in Curve 3, 4 of Fig.3 indicated that -NCO group had reacted completely with 

-OH group of HEMA while PUA(3) or TCP(4) formed. The peak at 812cm
-1

 in Curve 3 of Fig.3 was 

ascribed to the deforming vibration of C-H bond in C=CH2 group, and indicated that methacrylate 

group had been successfully introduced into the structure of PUA (3). The disappearance of the peak 

at 812cm
-1

 in Curve 4 of Fig.3 proved that PUA had thermocured. A new peak at 3129cm
-1

 in Curve 

2, 3, 4 of Fig.3 was assigned to the stretching vibration of -NH group that provided by the reaction 

between –NCO group in TDI and –OH group in CFR or HEMA. 

 
Fig.3 FT-IR spectra of CFR (1), CFR-TDI (2), PUA (3) and TCP (4) 

 

Table 1 The solvent resistance of various samples in common solvents 

Solvent CFR PUA TCP 

Ethanol s s i 

Butyl acetate s s i 

Tetrahydrofuran s s i 

Cyclohexanone s s i 

Petroleum ether sl i i 

Toluene i i i 

(s: soluble;  sl: slightly soluble;  i: insoluble) 
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The solvent resistance of various samples. The solubility of various samples was showed in 

Table 1. The CFR and PUA could be dissolved in some common solvents, but the TCP didn’t be 

dissolved in the same solvents, which indicated that the PUA had cross-linked and formed a 

three-dimensional network structure during the theromcuring process. The obtained polymer, TCP, 

had excellent solvent resistance. 

Conclusions 

The PUA was synthesized from CFR, toluene diisocyanate and hydroxyethyl methacrylate by using 

dibutyltin dilaurate as catalyst via a two-step method. FT-IR analysis shows that -OH group in CFR 

and hydroxyethyl methacrylate can react with –NCO group in TDI, and a new prepolymer of PUA 

was obtained. The PUA could be thermocured easily and the resulting product had excellent solvent 

resistance. 
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