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Polyurethane anticorrosion coating has been widely used as a metal coating material in recent years, but it
has some shortcomings in hydrophobicity, heat resistance and hardness. In this paper, we add organic silicon
to improve the performance of polyurethane through chemical modification. We show that the addition of
organic silicon improves the chemical stability of polyurethane based on chemical rules, and prepare
polyurethane prepolymer and add organic silicon to test its performance in the form of experimental study. The
experimental results show that the addition of organic silicon can improve the contact angle, hardness and
impact strength of polyurethane coating. This study is of theoretical guiding significance to the performance
improvement of polyurethane and its application in the anticorrosion coating.

1. Introduction

Among various types of anticorrision coatings, polyurethane coating (Melchiors et al., 2000; Rusman et al.,
2017; Gabriel et al., 2016) has been widely used as finish in the heavy-duty anticorrosion system due to its
excellent wear resistance, low temperature resistance, chemical resistance, flexibility, good adhesion to
substrate, excellent physical and mechanical properties and corrosion resistance (Mathew and Singho, 2015).
At the same time, polyurethane is also a new organic polymer material, known as the “fifth largest plastic”.
Due its excellent performance, it has been extensively studied by countries all over the world. It is reported
that the proportion of polyurethane in the coating field represents the coating industry level of a country (Yang
et al., 2009). However, the drawbacks of pure polyurethane coating in hydrophobicity, heat resistance and
hardness have limited its application in practice. Therefore, polyurethane is usually modified to achieve better
performance (Li et al., 2009). Organic silicon resin is excellent in terms of hydrophobicity, resistance to high
and low temperature, weather resistance and physiological inertia, etc. We use organic silicon to modify the
polyurethane resin into silicon-modified polyurethane resin with good overall performance (Jena et al., 2007;
Yekeen et al., 2017). In this paper, we prepare polyurethane prepolymer, and add appropriate dose of organic
silicon and other chemical reagents to configure it into silicon-modified polyurethane prepolymer coating. We
adopt an appropriate testing method to test the hydrophobicity and hardness of the silicon-modified
polyurethane coating with different amounts of organic silicon added -4%, 6%, 8% and 10% and analyze the
test results. The results show that the addition of organic silicon can well improve the hydrophobicity,
hardness and impact strength of the coating.

2. Test preparation
2.1 Testing materials, equipment and methods

2.1.1 Main testing materials and equipment

The main testing materials for the preparation of polyurethane prepolymer include toluene diisocyanate,
polyether diol, dibutyltin dilaurate, dimethyl silicone oil, diethylene glycol, trimethylolpropane, Foamex810,
natural graphite (325 mesh), potassium persulfate, phosphorus pentoxide, sulfuric acid, potassium
permanganate, hydrogen peroxide, hydrochloric acid, acetone, sodium chloride (Popoola et al., 2016).
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The main testing equipment include electronic balance (CP214), digital thermostat water bath (HH-4), lab
spray dryer (YC-015), oil-free air compressor (OTS-750), programmable salt spray test chamber MY-KCY-
60A) and electrochemical workstation (CH1760E).

2.1.2 Material characterization test method

(1) Contact angle test (Dong and Li, 2016) is to test the wettablity of the liquid on the solid surface or the
waterproofness of the solid. We let the coating sit for 7 days, keep the surface of the coating dry, clean and
smooth, collect the images and read the contact angle o between the coating-air (1-g) interface and the glass
slide-water drop (s-1) interface. The more hydrophobic the coating is, the greater the contact angle will be. If
the coating is hydrophilic, water drops will be distributed evenly on the coating with a = 0°.

(2) Hardness test is the basic standard for coating characterization. According to the testing method provided
in GB/T 6739-1996 Determination of Film Hardness by Pencil Test, we scrape the coating for five times. If
there are fewer than 2 scratches on the coating, the pencil hardness is equivalent to the coating hardness
(Maria et al., 2001).

(3) Impact strength test is to test whether the coating will peel off the substrate under external high-speed
load. We carry out the test by reference to GB/T1732-1993 Determination of Impact Resistance of Film. We
first place the sample plate on the test bench (Liuzzi and Stefanizzi, 2016), and then strike the sample plate
with a hammer of fixed mass. The maximum height (cm) from which the hammer falls on the sample plate and
does not damage the film is regarded as the impact strength of the film. There are also some requirements for
the impact location — usually it should be at least 15mm from the edge of the sample plate, and the selected
location in each test should be at least 15mm away from the surrounding test points (Prabu and Alagar, 2004).
Usually, we drop a 1Kg weight from a certain height (Xcm) to impact the pounding head, which then impacts
the coating surface, and then we observe it with a 4-time magnifying glass to see whether there are any
cracks, wrinkles and peeling on the coating. If there is no such problem with the coating, it indicates that the
impact strength of the coating is XKg-cm. One sample plate should be subjected to three impact tests
(Galhenage et al., 2016).

2.2 Preparation of polyurethane prepolymer coating

The preparation process of polyurethane prepolymer coating is shown in Figure 1. In this paper, in the
chemical modification test, the ratio between -NCO and —OH is 2:1.
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Figure 1: Flow chart for polyurethane prepolymer preparation

2.3 Preparation of silicon-modified polyurethane prepolymer coating

2.3.1 Principle analysis on polyurethane chemical modification

The chemical main chain of the organic silicon is Si-O-Si. As its organic group is directly connected with the
silicon atoms, it has the properties of both inorganic and organic materials - it can effectively reduce the
surface tension and highly compressible. The combination of organic silicon and polyurethane can improve
the tensile capacity and elastic recovery (Guo et al., 2009). The chemical modification method is to utilize the
—OH on the organic silicon end to react with the -NCO group on the polyurethane prepolymer chain end so as
to introduce the organic silicon into the polyurethane chain and produce the Si-O-C bond block (Bao et al.,
2014). The principle for this reaction is shown in Formula 1:

-N=C=0+HO-—--NH-COO- 1)

2.3.2 Preparation process of silicon-modified polyurethane prepolymer coating

We adopt the mechanical feeding method. We first place the polyurethane prepolymer in a beaker, weigh the
right amount of modifier (dimethyl silicone oil), chain extender (diethylene glycol), cross-linking agent (trimethyl
propanol) and foaming agent (Foamex 810), add them into the beaker in order, control the reaction time and
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temperature, and keep stirring. In the cooling process, we remove the modified coating. After being placed in
water bath at 75 °C and painted and molded, it undergoes the performance test (Biserni and Garai, 2016).
The performance test is carried out on the polyurethane added with different amounts of organic silicon (Krol
et al., 2015). The composition of the silicon-modified polyurethane composite coating with an organic silicon
mass percent of 4%, 6%, 8% and 10% is listed in Table 1 (Liu et al., 2010):

Table 1: Composition of silicone modified polyurethane composite coatings

Code PDMS-4% PDMS-6% PDMS-8% PDMS-10%
TDI 3.5g 3.5g 3.5g 3.5¢
DL2000 20g 20g 20g 20g
DIBUTYLTIN DILAURATE 0.1g 0.1g 0.1g 0.1g
SIMETHICONE 0.6g 0.9g 1.2g 1.5g
DIGLYCOL 0.3g 0.3g 0.3g 0.3g
TRIMETHYLOLPROPANE 0.2g 0.2g 0.2g 0.2g9
DEFOAMER 0.1g 0.1g 0.1g 0.1g

3. Test on characteristic properties
3.1 Test and analysis on the contact angle of the silicon-modified polyurethane coating

Chapter 2 It can be seen from the figure that with the addition of organic silicon, the contact angle between
polyurethane coating and water increases rapidly from 71°C. When the amount of organic silicon added is 6%,
the contact angle reaches the maximum and then decreases with the increase of the amount added. As the
organic silicon reacts with polyurethane, forming graft copolymer, the chemically modified material has greater
molecular weight and is more hydrophobic. When the amount of organic silicon added reaches a certain
value, the dimethyl silicone oil is too much to be bonded with polyurethane, and thus the water solubility is
large, leading to smaller contact angle.
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Figure 2: Effect of Silicone Addition on Contact Angle of Composite Coating

3.2 Test and analysis on the contact angle of the silicon-modified polyurethane coating

According to the pencil test method mentioned in the previous section, we test the hardness of the chemically
modified polyurethane coating. As can be seen from Figure 3, when the amount of organic silicon added is
6%, the hardness of the coating is the highest. The reason is the same with the contact angle test — when the
amount of organic silicon added reaches a certain value, the graft is saturated and additional amount will have
a negative impact on the hardness.
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Figure 3: Effect of Silicone Addition on Hardness of Composite Coating

3.3 Impact strength test on the silicon-modified polyurethane coating
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Figure 4: Effect of Silicone Addition on Impact Strength of Composite Coating

It can be seen from the figure that when the organic silicon is 6%, the impact strength is the greatest. Overall,
when the amount of organic silicon added is between 4%-10% the impact strength of the polyurethane coating
is significantly increased. With the addition of organic silicon, in the molecule, the -OH group reacts with the -
NCO group, forming a chemical polymer with a larger molecular weight, so that the impact strength of the
composite coating is improved. With the further addition of organic silicon, the small molecules of organic
silicon mixed in the polymer will reduce the impact strength.

4. Conclusions

In this paper, we prepare polyurethane prepolymer and add organic silicon into it to test the contact angle,
strength and impact strength of the chemically modified material. The conclusions are as follows:

(1) The addition of organic silicon can greatly improve the contact angle, strength and impact strength of
polyurethane coating. When the amount of organic silicon added is 6%, the contact angle of the chemical
modification coating is increased from 72° to 93°, the hardness is twice the original value, and the impact
strength is increased from 16Kg.cm to 32Kg.cm.

(2) The grafting of the -OH molecular chain of organic silicon and the -NCO molecular chain of polyurethane
coating improves the properties of chemical modification coating, making it more applicable in engineering
anticorrosion.



107

Acknowledgments

This work was partially supported by Hebei college youth top-notch talent program (BJ2017109), Hebei
province science and technology program (16211239), Xingtai science and technology program (2016Z2C190,
2016ZC012).

Reference

Aissa A., Said B., Mohamed T., Ahmed B., 2015, Numerical study of mixed convection in cylinrical czochralski
configuration for crystal growth of silicon, International Journal of Heat and Technology, 33(1), 39-46. DOI:
10.18280/ijht.330106

Aprea C., Greco A., Maiorino A., Masselli C., 2017, A comparison between electrocaloric and magnetocaloric
materials for solid state refrigeration, International Journal of Heat and Technology, 35(1), 225-234. DOI:
10.18280/ijht.350130

Bao L., Zhao H., Qing L.I., 2014, Preparation of amino silicone softener modified by polyurethane prepolymer,
Journal of Textile Research, 35(3), 87-90.

Berrocal M.J., Badr I.H., Gao D.Y., Bachas L.G., 2001, Reducing the thrombogenicity of ion-selective
electrode membranes through the use of a silicone-modified segmented polyurethane, Analytical
Chemistry, 73(21), 5328-5333. DOI: 10.1021/ac010375i

Biserni C., Garai M., 2016, Energy balance and second law analysis applied to buildings: an opportunity for
Bejan’s theory, International Journal of Heat and Technology, 34(S1), S185-S187. DOI:
10.18280/ijht.34S125

Boulaoued I., Amara I., Mhimid A., 2016, Experimental determination of thermal conductivity and diffusivity of
new building insulating materials, International Journal of Heat and Technology, 34(2), 325-331. DOI:
10.18280/ijht.340224

Cui X.W., Wen Ni W., Ren C., 2016, Early hydration kinetics of cementitious materials containing different
steel slag powder contents, International Journal of Heat and Technology, 34(4), 590-596. DOI:
10.18280/ijht.340406

Dong Y., Li M.X., 2016, Research of imaging interpretation model of CAT logging data, International Journal of
Heat and Technology, 34(1), 47-50. DOI: 10.18280/ijht.340107

Galhenage T.P., Hoffman D., Silbert S.D., Stafslien S.J., Daniels J., Miljkovic T., Finlay J.A., Franco S.C.,
Clare A.S., Nedved B., Hadfield M., Wendt D.E., Waltz G., Brewer L., Teo S., Lim C.S., Webster D.C.,
2016, Fouling-release performance of silicone oil-modified siloxane-polyurethane coatings, Acs Applied
Materials & Interfaces, 8(42). DOI: 10.1021/acsami.6b09484

Gabriel L., Benatti A., Jardini A., Bastos G., Kharmandayan P., Dias C., Maciel R., 2016, Synthesis and
characterization of bio-based polyurethane for tissue engineering applications, Chemical Engineering
Transactions, 49, 349-354, DOI: 10.3303/CET1649059

Guo Y., Bao L., Liu Z,, Ying L.I,, Qiu M., 2009, Synthesis and properties of silicone-modified polyurethane,
Journal of Textile Research, 30(10), 85-89. DOI: 10.7473/ec.2015.50.3.210

Jena K.K., Chattopadhyay D.K., Raju K.V.S.N., 2007, Synthesis and characterization of hyperbranched
polyurethane—urea coatings, European Polymer Journal, 43(5), 1825-1837. DOI:
10.1016/j.eurpolym;j.2007.02.042

Krol P., Krol B., Kozakiewicz J., Zapotoczny S., Pilch-Pitera B., Kozdra S., 2015, Composites prepared from
polyurethanes modified with silicone-acrylic nanopowders, Progress in Organic Coatings, 81, 72-79. DOI:
10.1016/j.porgcoat.2014.12.016.

Li J.H., Hong R.Y., Li M.Y., Li H.Z., Zheng Y., Ding J., 2009, Effects of ZnO nanoparticles on the mechanical
and antibacterial properties of polyurethane coatings, Progress in Organic Coatings, 64(4), 504-509. DOI:
10.1016/j.porgcoat.2008.08.013

Li X, Tang C., Wang Q., Li X.P., Hao J., 2017, Molecular simulation research on the micro effect mechanism
of interfacial properties of nano SiO:/meta-aramid fiber, International Journal of Heat and Technology,
35(1), 123-129. DOI: 10.18280/ijht.350117

Liu J., Pan, Z., Gao Y. (2010). Study on the morphology structure and properties of aqueous polyurethane
modified by poly(dimethyl siloxane). Journal of Applied Polymer Science, 105(5), 3037-3046. DOI:
/10.1002/app.26371.

Liuzzi S., Stefanizzi P., 2016, Experimental study on hygrothermal performances of indoor covering materials,
International Journal of Heat and Technology, 34(S2), S365-S370. DOI: 10.18280/ijht.34S225

Mathew A., Singho K.D., 2015, Span-wise fluctuating MHD convective heat and mass transfer flow through
porous medium in a vertical channel with thermal radiation and chemical reaction, International Journal of
Heat and Technology, 33(2), 135-142. DOI: 10.18280/ijht.330222



108

Melchiors M., Sonntag M., Kobusch C., Jirgens E., 2000, Recent developments in aqueous two-component
polyurethane (2k-pur) coatings. Progress in Organic Coatings, 40(1-4), 99-109. DOI: 10.1016/s0300-
9440(00)00123-5

Popoola A.O., Baoku I.G., Olajuwon B.l., 2016, Heat and mass transfer on MHD viscoelastic fluid flow in the
presence of thermal diffusion and chemical reaction, International Journal of Heat and Technology, Vol.
34, No. 1, pp. 15-26. DOI: 10.18280/ijht.340103

Prabu A.A., Alagar M., 2004, Mechanical and electrical studies of silicone modified polyurethane [ndash]epoxy
intercrosslinked networks, Polymer Journal, 36(10), 848.

Rusman R., Majid R.A., Wan Abd Rahman W.A., Low J.H., 2017, Carboxymethyl cassava starch/polyurethane
dispersion blend as surface sizing agent, Chemical Engineering Transactions, 56, 1171-1176, DOI:
10.3303/CET1756196

Stefanizzi P., Fato I., Turi S.D., 2016, Energy and environmental performance of Trullo stone building. An
experimental and numerical survey, International Journal of Heat and Technology, 34(S2), S396-S402.
DOI: 10.18280/ijht.34Sp0229

Sun D.Y., Wang W.H., Wang Q., Chen J.Q., Niu C.C., Cao C., 2016, Characteristics and prediction of frost
heave of saline soil in western Jilin province, International Journal of Heat and Technology, 34(4), 709-
714. DOI: 10.18280/ijht.340422

Wang Y., Huang D.K., 2017, Effect of heat treatment temperature on the structure and tribological properties
of nanometer lanthanum borate, International Journal of Heat and Technology, 35(1), 53-58. DOI:
10.18280/ijht.350107

Wu S.T., Wu G.X., 2015, Preparation and characterization of Fe20s micro-nano materials, International Journal
of Heat and Technology, 33(2), 57-62. DOI: 10.18280/ijht.330209

Yang Z., Wicks D.A., Hoyle C.E., Pu H., Yuan J., Wan D., Liu Y., 2009, Newly uv-curable polyurethane
coatings prepared by multifunctional thiol- and ene-terminated polyurethane aqueous dispersions
mixtures: preparation and characterization, Polymer, 50(7), 1717-1722. DOI:
10.1016/j.polymer.2010.02.003

Yekeen N., Manan M.A., Idris A.K., Samin A.M., Risal A.R., 2017, Influence of silicon oxide and aluminum
oxide nanoparticles on air and co2 foams stability in presence and absence of oil, Chemical Engineering
Transactions, 56, 1243-1248, DOI: 10.3303/CET1756208

Zouaoui A., Zili-Ghedira L., Nasrallah S.B., 2016, Experimental investigation of air dehumidification and
regeneration operations using packed bed of silica gel particles, International Journal of Heat and
Technology, 34(1), 103-109. DOI: 10.18280/ijht.340115





