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Abstract   

     In this study, a composite coating of polyurethane resin with (CaSO4) was prepared using 

different proportions of ceramic powders (0, 5, 10, 15 and 20 wt.%) as a strengthening 

technique in the polymer matrix using adventitious coating on the ceramic substrate. Micro-

hardness, porosity, FTIR, SEM, and microstructure of the composite surface were 

performed. Mechanical properties (hardness test) know that the highest value (88) is 

obtained at 15 wt % calcium carbonate. In addition, the structure testing results of both SEM 

and optical microscopy images of the coating revealed good cohesion and uniformity in the 

distribution of the ceramic powder, indicating that the composite coating structures are 

dense, compact, coating is around (500 nm) thick while the mean particles size distribute in 

to (83.01 μm) and (213.67 μm) and do not contain significant porosity value (3.2%) appear 

at (20 wt.% CaSO4) of carbonate compared to the uncoated sample (18%) . 

 

coating, Mechanical properties-, Polyurethane, Composite material, Dip4CaSO -Keywords: 

 تقيم وتوصيف الطلاء المتراكب على قواعد سيراميكية باستعمال طريقة الغمس   

 مينا فيصل خضير  

( باستخدام نسب وزنية مختلفة 4CaSOفي هذه الدراسة تم تحضير طلاء مركب من راتنج البولي يوريثان مع )    

٪ بالوزن( كتقنية طور التقوية في مصفوفة البوليمر باستخدام طلاء 20و    15،  10،  5،  0من مساحيق السيراميك )

والبنية المجهرية    SEMو  FTIRمغمس. على الركيزة السيراميك. تم إجراء اختبارات الصلابة الدقيقة والمسامية و

( تم الحصول عليها عند  88( أن أعلى قيمة         )دة للسطح المركب. أظهرت الخواص الميكانيكية )اختبار الصلا

والصور    SEM% وزناً من كربونات الكالسيوم. بالإضافة إلى ذلك، كشفت نتائج اختبار البنية لكل من صور  15
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المجهرية للطلاء عن تماسك جيد وانتظام في توزيع مسحوق السيراميك، مما يشير إلى أن هياكل الطلاء المركبة كثيفة 

وزناً من    (wt  20  4CaSO( عند نسبة )%3.2حيث بلغت اقل قيم للمسامية ) %  ومضغوطة ولا تحتوي على مسامية كبيرة

 . %(18مقارنة مع العينة بدون طلاء ) كربونات الكالسيوم

 

INTRODUCTION 

Polymeric coatings are paints specially designed for the alteration and protection of 

substrates from corrosion due to external agents. These types of coatings can usually be 

applied on the substrates (surfaces) by extrusion and dispersion of the polymer          W. 

Harris, J (1957). Wolstenholme (1973) and J. H.Snoeijer et al.(2001)]. They may also be 

used to create hydrophobic surfaces and/or preventive layers against various substances or 

surface pollutants. Polymeric coatings are designed to have high adherence to the surfaces 

and a low degree of degradation and exfoliation under environmental effects such as heat, 

moisture, and chemical agents. The targeted alteration of the surfaces using rough-profile 

coatings is based on the reduction of the contact area at the surfaces (e.g. Teflon coating, 

PTFE, PFA, and PMMA) J. H.Snoeijer (2001), Zhi CY et al , K. Chang et al. (2008). and J. 

Brown et al. (2011). Polymeric materials have versatile applications owing to their wide-

ranging characteristics, cost-effectiveness, and ease of production and application, M. 

Baglioni et al and M. Baglioni et al.(2012). various coating techniques, including spin and 

dip coatings. It is practical for thick, thin, and nanofilms to be applied on substrates at low 

temperatures. Dip-coating is an easy technique that can provide thick, homogeneous, 

crack-free coating layers that are adequate for surface protection against corrosion. Any 

substance that is made by shaping and then heating a nonmetallic mineral is referred to as 

ceramic. It is hard, brittle, heat- and corrosion-resistant. Brick, porcelain, and earthenware 

are typical examples. Ceramic materials' structure spans from strongly orientated to semi-

crystalline, with varied crystallinity and electron density, with varying crystallinity, and 

electron. The majority of ceramic materials are excellent thermal and electrical insulators 

due to their composition in ionic and covalent bonding T. CoanG et al.(2013). 

An effective method to enhance the qualities of polymeric coatings is to use specific filler 

materials with the required characteristic. The inclusion of  fillers with suitable qualities are 

one technique to improve the properties. Through dip-coating, manufactured from 

composite materials of  (PMMA) and hBN were created and applied to steel. Investigations 

were done into how the quantity of hBN in the (PMMA) coating affected corrosion 

resistance. For the purpose of evaluating corrosion resistance, the created coatings were 

immersed in NaCl and HCl solutions. The findings demonstrated that, in comparison to 

pure PMMA, PMMA/hBN composite coatings increased corrosion resistance. Coatings 

have excellent bonding with the metallic substrate and are also free of cracks, Composites 

made of PMMA and polysiloxane as well as their coatings were created or Methyl 

methacrylate (MMA) and vinyltriethoxysilane (VTEOS) were combined to form a 

copolymer (PMMAVTEOS), and their matching coatings were produced by an oven-

curing procedure (at 75 °C). Composite coatings displayed good adhesion, high thermal 
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stability, and outstanding scratch resistance C.Peng et al.(2018). Shatha R. Ahmed et al 

(2020). In an effort to lessen the water absorption property and increase the hardness and 

compression strength of the cement mortars, has been completed to use glass powders from 

three different sources (window sheet glass powder, green-colored glass powder, and 

brown-colored glass powders). Also, the investigation and discussion of Sika floor type 

(161) Polyurethane Polymer's impact on the cement mortars' water absorption, hardness, 

and compression. The water absorption and mechanical characteristics of the mortar 

specimens were found to be significantly influenced by the type of glass and the weight 

ratio of glass to cement. The emphasis of the current studies is on the value and benefits of 

using ceramic particles and polyurethane polymer in the synthesis of ceramic composite 

application with improved properties. The effectiveness of different adhesives used to bond 

the reinforcing bars to the aging substrate at the rebar connections after their installation 

was evaluated M. Baglioni et al (2020)   and Al-Kaisy et al.(2020). According to the results, 

with the increase in the diameter of the rebar from (12-16) mm, the pulling load increased 

by (26% and 32%). The present work, it is aimed to synthesize a composite polymeric 

coating using polymer resin reinforced with CaSO4 (commonly known as gypsum) at 

different mixing ratios, their application using the dip-coating technique and investigation 

of their structural with mechanical properties performance. 

1. Experimental:  

    Used in this work facade stone as the base material. The specimen was cut into small 

pieces with dimensions (20 × 20) mm, and coatings bath Polyurethane reinforced with 

CaCO4 ,table (1) presents chemical composition of the Calcium sulfate (CaSO4 ) in different 

weight (0, 5, 10, 15 and 20 wt%) the ratio of additive is shown in Table (2) . The specimen 

is dip coated with the composite mixture and left to solidify at room temperature for 72 hr. 

Polyurethane Sika floor (PSF) 161(1L) is reinforced with calcium sulfate (commonly known 

as Gypsum) particles having an average particle size of 50 µm reinforcement of the matrix 

polymeric. The synthesis of the composite coating starts with the mixing of CaSO4 powder 

with the polyurethane resin. To maintain a uniform dispersion of the CaSO4 particles in the 

resin matrix, the hardening material is next added while performing continuous mixing. 

Ceramic substrates are then dip-coated with the composite mixture and left to solidify for (72 

hr.) before characterization is performed. The weights of the samples before and after the 

coating process were recorded to determine the weight of the coating layers. Spectrometer 

for (FTIR) beams is directed toward the sample, and the amount and frequency at which the 

sample absorbs the light are measured. Shore-D hardness, porosity, SEM, and 

microstructure of the composite surface were performed.   

 

2. Results and Discussion:  

 The FTIR spectroscope of the pure polyurethane coating in (Fig. 1a) showed that the 

absorption between (2992.26- 2881.05) cm-1 is associated with (C-H) stretching and band at 

(2352.93 cm−1) corresponding to (NH—) stretching indicating the formation of urethane 
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linkages, The two resolved bands at (1696.88 and 1427.84) cm-1 are a result of the urethane 

group's carbonyl stretching, which is both hydrogen-bonded and not. While the peak at 

(1507.07cm-1) refers to (C=C) stretching. However, the analysis of the FTIR spectra of (PU 

+CaCO4) composite coating shown in (Figures 1b,c) was obtained from the composite 

coating /polyurethane samples. The bands at (1488, 1486, 1394.95, and 1392) cm-1 are 

indicative of various modes of (-CH2) vibrations, whereas the strong peaks at (2879 cm-1) . 

In addition, the absorption band at (1688,1722,1683 and 1724) cm-1 is associated with a 

(C=O) group in polyurethane. The bands at (1541 cm-1) are used to identify the group of 

(NH) vibrations. The band at (1702 cm-1) is attributed to hydrogen bonding between the ester 

or ester-oxygen groups of the soft segments of the urethane linkage and the (N-H) and (C=O) 

groups of the hard segment. Comparable vibrational modes with a small change were 

observed in the FTIR spectra of the deposited composite coatings, which are ascribed to the 

addition of CaCO4. Referring to the lack of any chemical interaction between the constituent 

parts of the composite H. Haidar H.(2020) and H. ZA et al. (2021). Figure 2d shows FTIR 

spectra of (85%). SFS strongest spectral bands at (2991.21 and 2880.72) cm-1 are attributed 

to carbon and hydrogen bonds. The non-hydrogen-bonded carbonyl groups make up the band 

at (1720) cm-1 Al Zuhairi et al. (2022). Figure (1d) shows FTIR spectra of 80%. The CH 

stretching is indicated by the absorption band at (2991.21 cm-1).(-CH2) stretching is shown 

by the high peaks at (2991.21 and 2879.08) cm-1. Moreover, (C=O) group in polyurethane is 

linked to the absorption band at (1722 cm-1). The bands at (1541 cm-1) serve as a marker for 

the NH vibrational group. 

     Figure (2) display scanning electron photomicrographs of the samples. The majority of 

the particles were flake-shaped. The coating material was successfully co-deposited on the 

substrate. In the composites, there was no significant agglomeration. Polyurethane CaSO4 

composites have a comparatively complex morphology. The polymer can form crystals, 

however, they do so at a somewhat sluggish rate, hence It stays primarily amorphous under 

typical processing settings; relatively little of it is crystallized A. Rocha C et al.(2004). 

Along with crystalline structure, another crucial factor is the distribution of the filler in the 

matrix, or the potential creation of aggregates. 

The coating is around (500 nm) thick and the mean particles size distribute in to             

(83.01 μm) and (213.67 μm) as illustrated in Figure 3, the composite coating is dense. There 

are no discernible borders between the interface coating and substrate coating. A good 

balance of dense structure, adhesion strength, and coating thickness has been demonstrated 

to be important for improving alloy protection. So, it can be concluded that a uniform, crack-

free composite covering with a strong interface bonding might effectively lower the 

substrate's rate of degradation. 

Figure 4 shows the relationship between the wt % of CaCO4 in polymer composite coating 

with shore D Hardness at different percentage within Polyurethane matrix. 5% weight 

percentage (ceramic powders) sample, the low hardness as compared with (15% and 20%) 

CaCO4 composite coating. The results have been shown that the hardness of the coating 

increase from (69) of PU pure coating to (88) of (15 % CaCO4) composite coating as shown 

https://sciendo.com/article/10.2478/cee-2020-0031
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in Figure (4). The improvement in hardness is due to the matrix and ceramic binder's 

compatibility and bonding strength, which results in a more rigid surface by impeding matrix 

motion along the stress path.                                                  M. 

Mohammed et al.(2018). The hardness increases when the percentage of CaCO4 ceramic 

particles increasing until 20%, this result shows the high compatibility between CaCO4 and 

matrix binder (PL), which lead to making them harder. When it contains ceramic powder 

80% in composition content will increase more than 70% of ceramic powder this effect on 

the strength materials.  Figure (5) shows the relationship between porosity and composite 

coating on a ceramic substrate, Polyurethane matrix, and (ceramic binder) at room 

temperature. It can be noticed that the values of porosity of coating mainly depend on the % 

of penetration CaCO4 powders in the coating layers. It  of the mixture increases with an 

increase in CaCO4 content from (5) to (20), for 20% CaCO4 as is showed in figure (5). This 

might be attributed to the addition of the ceramic binder to polymer coating; many of the 

gaps and voids that existed inside the matrix would be diminished or filled by this binder, 

resulting in an enhancement in the prepared specimens' proportion of porosity.   

Conclusions: 

Composite coating (CaSO4 with PU) was uniformly dispersed in a polymer matrix, and the 

addition of gypsum powder made the surface of the films rough. Improving the hardness 

value with an increasing weight percentage of ceramic particles or content of CaSO4 particles 

within the polyurethane matrix. The hardness increases when the percentage of CaCO4 

ceramic particles increasing until 20%, this result shows the high compatibility between 

CaCO4 and matrix binder (PU), when it contains ceramic powder 80% in composition 

content will increase more than 70% of ceramic powder this effect on the strength materials. 

This might be attributed to the addition of the ceramic binder to polymer coating; many of 

the gaps and voids that existed inside the matrix would be diminished or filled by this binder, 

resulting in an enhancement in the prepared specimens' proportion of water absorption.   

Table 1: Chemical composition of Calcium sulfate (M. Sudhakar et al 2009)  

 

 

Table 2: composite coating of Polyurethane reinforced with CaCO4 in different  

CaCO4 PU Ratio 

- 100 % Ratio 1 

5 % 95 % Ratio 2 

10 % 90% Ratio 3 

15 % 85 % Ratio 4 

20 % 80 % Ratio 5 

pH MgO Ca (OH) FeO3 & 
Al2O3 

SiO2 CaSO4.2H2O Constituents  

9.01 2.7 7.5 1.4 0.9 90 Mass 
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Figure (1):  FTIR spectra of (a) Pure PU (b)PU + 5% CaSO4 (c)  PU + 10% CaSO4  

(d) PU + 20% CaSO4 
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Figure (2): Ttypical scanning electron microscopy images of of (a) Pure PU (b)PU + 5% 

CaSO4 (c) PU + 10% CaSO4  (d) PU + 20% CaSO4  

 

 

 

 

 

  

 

 

 

 

  

Figure (3): Cross Section and Average Diameter of composite of Coating.  
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Figure (4):  The microhardness of composite coating (CaCO4/ Polyurethane ) composite 

coating on a ceramic substrate. 

 

 

Figure (5 ): The variation of Porosity values of composite coating  

(CaCO4/ Polyurethane ) on ceramic substrate. 
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