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Figure 1. AFM height image (left) and phase image (right) of epoxy coatings applied on 
silicon substrates: (1a) E1000, surface; (1b) E1000, interface; (2a) E2575, surface; (2b) E2575, 
interface. Scan size is 1 µm × 1 µm. Contrast variations from white to black are 10 nm for the 
height images and 90° for the phase images. 
 
Table 2. Contact angles (θ), surface free energy (γ) and polarity (Xp) of surface and interface of 
different crosslinked epoxy coatings 

Epoxy θH2O ( ° ) θCH2I2 ( ° ) γ ( mJ/m2) Xp 
S 76.0 ± 0.6 37.5 ± 0.6 42.6 ± 0.8 0.13 ± 0.01  

E1000 I 73.0 ± 1.8 37.3 ± 1.0 43.5 ± 0.7 0.16 ± 0.02 
S 76.8 ± 2.1 36.0 ± 1.3 43.0 ± 0.8 0.13 ± 0.02  

E7525 I 73.5 ± 1.2 43.3 ± 1.2 41.3 ± 0.6 0.19 ± 0.02 
S 77.4 ± 1.5 37.3 ± 2.7 42.3 ± 1.1 0.12 ± 0.02  

E5050 I 74.6 ± 0.6 51.8 ± 1.8 37.9 ± 0.7 0.23 ± 0.02 
S 72.9 ± 4.4 38.3 ± 3.7 43.5 ± 2.1 0.18 ± 0.06  

E1000 I 69 37 44.9 0.2 
S: surface; I: interface. aSample was too small to perform replicate measurements.  
 

As can be seen in Figure 1, the sizes of the bright nodules in the phase image of the interface 
are larger for the low crosslinked E2575 compared to the high crosslinked E1000. This  
observation   implies that the crosslink density may have an influence on the microstructure of 
the interface, though no obvious effects were observed on the surface. 
    The differences between the surface and the interface of the epoxy coatings are probably due 
to surface enrichment and interface interaction and confinement. The polarity results obtained  
from contact angle measurements (Table 2) have provided evidence for such a hypothesis. For 
each epoxy, the polarity of the interface is higher than that of the surface, indicating that the air 
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surface of coatings could be covered with a thin layer of lower surface-free energy material. 
Additionally, the surface polarity appears independent of network variation while the interface 
polarity increases with decreasing crosslinking.  
 
Microstructure study using SANS  
  Figures 2a and 2b represent the SANS data for epoxy bulk samples of E1000 and E5050 
after soaking in deuterated acetone.  For Dry bulk samples, only incoherent scattering 
background is observed due to no neutron contrast in both E1000 and E5050. After soaking in d-
acetone, the solvent diffused into and swelled the voids and/or the low crosslinked regions and 
enhanced the neutron contrast of the heterogeneous regions in the network. An upturn is seen in 
the relatively low q region (ca. q <0.03 Å) from E1000 in Figure 2a suggests the existence of a 
well-ordered microdomain. The value of the peak position can be related to an average 
predominant domain size, d, as d=2π/q, The domain size estimated from the predicted peak 
position (see insert in Figure 2a) is approximately 50nm, which is well consistent with the 
nodules size obtained from the AFM.   The time dependence of the scattering profiles indicates 
the peak tends to shift to a lower q position with a longer soaking time. Because the lower q will  

 
 

 
 

 
 

Figure 2. Small angle neutron scattering profile of (a) E1000 bulk sample as a function of 
soaking time in deuterated acetone and (b) E1000 and E5050 bulk samples soaked in deuterated 
acetone for about 32 h.  
 
 

 (a) 

 (b) 
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result in a larger domain size, this observation is consistent with the swelling of the network with 
the time.  However, no peak was observed in the scattering profile for E5050 after soaking 32 h 
in Figure 2b, it implies a larger sized domain distributed in the network, which corresponds to a 
very low q value. The above SANS data from the bulk samples are consistent with the 
heterogeneous microstructures observed from the interface samples using the AFM.    
 

      Further studies on this topic are being conducted with nanoindentation and ATR-FTIR. The 
results will be presented. 
 
SUMMARY  

    Effects of network changes on the surface and interface properties of amine-cured epoxy have 
been investigated by AFM, nanoindentation, ATR-FTIR and contact angle measurements. 
Results have shown a strong influence of crosslink density on the surface and interface properties 
of epoxies. Substantial morphological and chemical differences are also observed between the 
coating surface and interface. The SANS data are confirmed the existence of a heterogeneous 
microstructure for epoxy network.  
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