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ABSTRACT 

The interphase structure and properties of isotactic polypropylene (it.PP) have received much 

attention in the fundamental science and industrial applications for the improvement of the poor 

adhesion properties of the it.PP. In this work, we focused on the laminates with it.PP substrates 

and various ethylene-octene rubber (EOR) hot-melt adhesives with different molecular weight and 

crystallinity. We prepared laminate samples using EOR with low moleculaer weight (LWM-EOR), 

random copolymerized EOR (r-EOR), and block-like copolymerized EOR (b-EOR) as adhesives. 

We performed T-peel tests of the laminate samples and evaluated their thickness of the interphase 

with confocal Raman scattering imaging, X-ray refraction contrast imaging, and atomic force 

moicroscopic (AFM) imaging. The laminates with larger interphase thicknesses possessed the 

larger T-peel strengths, which was relatively consistent with these obtained results among all the 

measurement methods. It is revealed that the adhesion properties and the interphase thicknesses 

depended on the crystallinities of the it.PP substrates. These results mean that the interphase would 

be constructed by not only diffusion of molecular chains but also the crystalline growing and the 

formation of lamellae interlock in the interphase region.    
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Introduction 

Boundary region between different materials is called as interface or interphase.1–6 The former 

“interface” is used when the boundary can be considered as two-dimensional plane. On the 

contrary, the latter “interphase” regards the boundary as three- dimensional layer. In this paper, 

we employed “interphase” as described below. Interphase exists in narrow spatial and buried 

regions inside multicomponent materials and controls functional properties and mechanical 

performances of polymer materials. Therefore, the interphase plays a key role in the fields of 

composites,4,7–11 polymer blends,12–15 adhesion,1,2,16,17 separators in electronic cells,18,19 separation 

membranes20,21 and laminates.22,23 The investigation of structure and properties at the interphase 

is significant from the perspective of industrial developments as well as fundamental scientific 

insights. In particular, the structure and interaction at the interphase between components in 

polymer blends,12–15 carbon fiber and polymer matrix in carbon-fiber-reinforced plastics,5,24–28 and 

adhesives and metal or polymer substrates in adhered products1,2,16,17,22,23 directly connects the 

reliability in material manufacturing. However, even in recent years, the discussion on interphase 

has been progressing based on probable prediction and it is a challenge that the region of the 

interphase was restricted spatially and buried into the bulk materials. 

Recent drastic developments of the instruments for interfacial analyses and inspection have 

revealed not only the structure and properties of the interphase but also molecular behaviors of the 

polymer chains at the interphase. There are various candidates of instruments for the precise 

analyses of the interphase; for example, transmission electron microscope (TEM),6,29–37 atomic 

force microscope (AFM),38–41 confocal Raman scattering microspectroscope,6,22,42–45 AFM-

infrared spectroscope (AFM-IR),46–49 sum frequency generation (SFG) vibrational 

spectroscope,50–57 X-ray photoelectron spectroscope (XPS),58–62 neutron reflectometry (NR),63–66 
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X‐ray absorption fine structure (XAFS) measurement,67,68 Rutherford scattering measurements,69–

71 and so on. These advanced analysis technologies provide the information at interphase including 

nanostructure, molecular orientation, distribution, and chemical bond states. The results from these 

various analyses of interphase were various, but sometimes their absolute values from the various 

analysis methods were different because of the diverse mechanism of analyses methods and 

various resolution. Therefore, the interphase analyses using multiple measurement methods with 

various mechanisms is significant. 

The adhesive properties were decided by various factors including surface roughness of the 

adhered substrates, difference of surface free energies between substrates and adhesives, 

mechanical properties of adhesives and substrates, and adhesion interfacial structure. We also have 

previously reported on the correlation between adhesive strength and interfacial thickness of the 

isotactic polypropylene (it.PP)/cyanoacrylate ester instant adhesives using a confocal Raman 

scattering microspectroscope.6 It is clarified that the primer treatment to it.PP substrates with 

cobalt complex primers provided larger adhesive strength as well as larger thickness of interfacial 

regions. In the industrial field, it.PP have been widely accepted as an attractive material because 

of its lightweight, proper mechanical properties and cost efficiency. In contrast, it.PP has a large 

disadvantage of its poor adhesion property, which is attributed to its non-polar chemical structure 

and crystallinity. To improve the poor adhesion properties, various surface modification and 

functionalized adhesives have been developed. Herein, we focused on the adhesion properties and 

interphase of the it.PP/hot-melt adhesive (HMA) laminates. We estimated the interphase thickness 

using not only confocal Raman scattering microspectroscopy but also X-ray refraction contrast 

measurement and AFM imaging observation, and then evaluated the effect of the crystallinity of 

the substrates and adhesives on interphase thickness and adhesive strength of the laminate samples. 
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2. Experiments 

2.1. Materials 

As adhesive substrates, it.PP (NOBLEN W501N, MFR at 230 °C = 8.5 g/10 min) was supplied 

from Sumitomo Chemical Co., Ltd.. Polyolefins as hot melt adhesives (HMAs) were low 

molecular weight ethylene-octene rubber (LMW-EOR) (Dow Chemical Japan Ltd., AFFINITY 

GA 1900, MFR at 190 ℃ = 1000 g/10 min), random copolymer ethylene-octene rubber (r-EOR) 

(Dow Chemical Japan Ltd., ENGAGE 8137, MFR at 190 ℃ = 13 g/10 min), block copolymer 

ethylene-octene rubber (b-EOR) (Dow Chemical Japan Ltd., INFUSE 9807, MFR at 190 ℃ = 15 

g/10 min). These characteristic parameters were shown in Table 1. Xylene was purchased from 

Nakarai tesque Co., Ltd. and 1,2-dichlorobenzen-d4 (≥98 atom%D) was purchased from Sigma-

Aldrich. Co.. 

 

2.2. Characterization of it.PP substrate and EOR HMAs 

Molecular structures of LMW-EOR, r-EOR and b-EOR were estimated by 1H NMR (Bruker 

Co., Ltd., AVANCE Ⅲ-400) at 400 MHz, 393 K. The NMR measurements were performed in 1,2-

dichlorobenzen-d4 solution. Wide angle X-ray diffraction profiles of LMW-EOR, r-EOR and b-

EOR were measured with a X-ray diffractometer (Rigaku Co., Ltd., RINT 2000) at stepping 

interval 0.1°. The X-ray beam source was CuKα. The X-ray beam was operated at 40 kV and 20 

mA. Differential scanning calorimetry (DSC) analysis was performed using a differential scanning 

calorimeter (Rigaku Co., Ltd., DSC8230) in nitrogen gas atmosphere. Heating and cooling rate 

was 5 ℃/min from room temperature to 200 ℃. Melting point and crystallization temperature 
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were evaluated from endothermic peak during heating process and exothermic peak during cooling 

process, respectively. 

 

2.3. Preparation of it.PP/HMAs/it.PP laminates 

As the adhered substrates, it.PP films were prepared by melt-pressing at 230 ℃ at 0 MPa, 6 

MPa, and 0 MPa for 5 min respectively, followed by slowly cooling to room temperature. In the 

preparation of annealed it.PP substrates, after hot-pressing with the same condition, the samples 

were quenched into ice water and the it.PP films were annealed for 10 min. at 100 ℃, 130 ℃ and 

150 ℃. All the thin HMA layers with the 20 μm thickness were obtained by solution-casting using 

1%w/w xylene solution and drying at room temperature for 1 week. The HMA layer was 

sandwitched between two it.PP films and adhered to it.PP films by pressing at 150 ℃ at 1 MPa 

for 5 min, followed by cooling to room temperature.  

 

2.4. T-peel test 

T-peel strength of each laminate was evaluated using tensile tester (Shimadzu Co., Ltd., 

Autograph AGS-1kND) at 50 mm/min tensile rate, as shown in the Figure S8 in the Supporting 

Information. The substrates were trimmed with 60 mm 15 mm of rectangles and the adhered area 

was 40 mm  15 mm. The adhesive strength was obtained from the averages of the peeling strength 

of more than five species for every sample prepared under the same condition.  

 

2.5. Raman scattering measurement 

2.5.1. Preparation of cross section samples for Raman scattering measurement  
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Laminated films were embedded in epoxy resin (Bisphenol A/Epichlorhydrin : 

Triethylenetetramine = 15 : 2 (vol)), followed by curing at 40 ℃ for 12 h. Cross section of laminate 

films was fabricated by an ultra-microtome (Leica Microsystems GmbH., EM UC6), using a 

diamond knife (Syntek Co., Ltd., SYM Knife SYM2045). Cutting speed and cutting thickness 

were 10 mm/sec and 100 nm, respectively. 

2.5.2. Single spot mode of Raman scattering measurement  

Raman spectra of it.PP and HMA films were measured in the single spot mode by confocal 

nano-Raman spectroscope (WITec K. K., Alpha 300R). Nd/YAG semiconductor laser 

(wavelength: 532 nm) was used as an excitation laser. The laser intensity was 10 mW, the 

magnification of objective lens with numerical aperture 0.75 was 50, the exposure time was 1 

sec, the accumulation was 10 times, and the diffraction grating was 600 gr/mm. 

2.5.3. Line scanning of Raman scattering measurement 

Line scanning was employed to estimate interfacial thickness of laminates. Raman scattering 

spectra across the interphase of cross section of laminates were measured by step-by-step scanning 

with around 300 nm intervals, as shown in the Figure S9 in the Supporting Information. The spatial 

resolution in in-plane direction dxy was defined by Hopkins’s equation: dxy = kλ/NA (k: 0.51 at 

this apparatus, λ: wavelength, NA: numerical aperture). The value of dxy was 362 nm. The laser 

intensity was 10 mW, the magnification of the objective lens was 50 (Numerical aperture: 0.75), 

the exposure time was 1 sec, the accumulation was 10 times, and the diffraction grating was 600 

gr/mm. 

 

2.6. X-ray refraction contrast measurement 
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X-ray refraction contrast images of laminates were taken by high resolution X-ray microscope 

(Rigaku Co., Ltd., nano3DX) with rotating anode X-ray tube, as shown in Figure S10 in the 

Supporting Information. The X-ray source was CrKα and the X-ray beam was operated at 35 kV 

and 25 mA. The exposure time of X-ray beam was 10 sec, the magnification of objective lens was 

20, the spatial resolution was 0.27 μm2/pixel, and the binning number was 1. The employed 

camera distances were 1 mm, 10 mm and 20 mm to estimate their interfacial thickness. The 

measured laminates were trimmed to 1 mm  15 mm of recrtangles. 

 

2.7. Atomic force microscopy 

Topological and phase AFM images around the interfacial region between it.PP and HMAs 

were observed with an atomic force microscope (Hitachi High-tech Science Co., Ltd., 

NanoNavi/E-sweep) in the dynamic force mode. A silicon cantilever (Hitachi High-tech Science 

Co., Ltd., SI-DF20, spring constant: 15 N/m, tip radius: 10 nm) was employed as an AFM probe. 

The measured samples were prepared in the same method as those in the Raman scattering 

measurement. 

 

2.8. Grazing incidence X-ray diffraction 

Grazing incidence X-ray diffraction (GIXD) was performed with a high-resolution X-ray 

diffractometer (Rigaku Co., Ltd., SmartLab) in order to evaluate the surface crystallinity of it.PP 

films. The source of X-ray beam was CuKα. The X-ray beam was operated at 40 kV and 30 mA. 

Incident X-ray beam was irradiated with surface of it.PP film. For detecting diffracted X-ray, a 

scintillation counter was used. In the grazing incidence X-ray diffraction, X-ray penetration depth 

was determined by the wavelength of X-ray, the density of sample and X-ray incident angle α. The 
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critical angles is αc, where the X-ray beam reflects totally at the substrate surface. GIXD to 

investigate on it.PP surface structure was performed at α = 0.1°, which was smaller than αc (0.147°). 

To evaluate crystallinity of it.PP films from the obtained X-ray diffraction profile, the method 

reported by Weidinger, Hermans, et al was employed.72  
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Results and Discussion 

We evaluated the T-peel strength of it.PP/HMAs/it.PP laminates with LMW-EOR, r-EOR and 

b-EOR, which were commercially available and were accepted as hot-melt-adhesives for 

polyolefins. These EOR copolymers were composed of ethylene and octane units with the similar 

component fraction ratios from NMR charts in Figure S1-S3 in the Supporting Information and 

only the b-EOR adhesive possessed crystalline regions originated from ethylene units from X-ray 

diffraction profiles and DSC endotherm, as shown in Figure S4 and S7 in the Supporting 

Information. In contrast, only the amorphous regions were included in r-EOR as shown in Figure 

S4 and S6 in the Supporting Information. Therefore, these EOR adhesives were suitable for 

comparison of their adhesive strength and their interphase structure. The peeling strength was 

shown in Table 1 together with their characterization. The peeling strengths were increased in the 

order of LMW-EOR, r-EOR, and b-EOR. The fractural mode of laminates using LMW-EOR was 

cohesive fracture of adhesive itself and the interfacial peelings were observed in the laminates of 

r-EOR and b-EOR. The cohesive fracture of LMW-EOR was provided from the low mechanical 

strength of the LMW-EOR with lower molecular weight, while the laminates of the r-EOR and b-

EOR adhesives were peeled at their interface between the EOR adhesives and it.PP substrates 

because the mechanical strength of the r-EPR and b-EOR were sufficiently strong. 

 

Table 1. Melt flow rate (MFR), copolymer composition ratio, and density of EOR adhesives, and 

T-peel strength and fractural mode between it.PP and EOR laminates. 

Adhesive 

sample 

MFR Ethylene Octene Density 
T-peel 

strength 
Fractural 

mode 
g/10min mol% mol% g/cm3 N/cm 

LMW-EOR 1,000 73 27 0.866 0.2±0.0 CFa 

r-EOR 13 58 42 0.868 2.4±0.6 IFb 
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b-EOR 15 56 44 0.871 6.3±0.5 IFb 
a Cohesive fracture of in the  region of adhesive layers. 
b Interfacial fracture. 

 

For the evaluation of the interphase structure of it.PP/HMA laminates, we performed the 

observation of cross sections of the laminates using confocal Raman scattering scanning with the 

geometry across the interphase, as shown in Figure S9 in the Supporting Information. Before the 

investigation of the interphase, the Raman spectra of single components, it.PP, LMW-EOR, r-EOR, 

and b-EOR, were measured and shown in Figure S11 in the Supporting Information. In the Raman 

spectrum of it.PP, several well-defined band peaks were observed at 814 cm−1,1156 cm−1, and 

1332 cm−1, while the bands in the spectra of all the EORs were detected at 1060 cm−1 and 1296 

cm−1.73–77 The difference between the spectrum of it.PP substrates and those of each EOR 

adhesives was clearly observed. In the interfacial analysis, we also focused on the change of 

intensities of these bands at around interphase.  

 

Figure 1. Raman scattering spectra across the interface between it.PP and r-EOR. Interval between 

the measurement positions of each spectrum was around 400 nm. 
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Figure 2. Intensity distribution plots of Raman bands across the interface of it.PP/r-EOR 

laminate. 

 

Figure 1 shows the Raman spectra across interphase from the r-EOR adhesive side (bottom) to 

the it.PP substrate side (upper). In these Raman spectra, the bands originated from r-EOR gradually 

disappeared whereas those of it.PP emerged. At the interphase, the bands of the both components 

were observed, which means that both the components coexisted. The intensities of these bands 

were plotted at every measurement position across the interphase, as shown in Figure 2. As the 

measurement position was moved from r-EOR side to it.PP side, the intensities of the characteristic 

peak of r-EOR at 1060 cm−1 and 1296 cm−1, which were originated from stretching of C—C bonds 

and twisting of CH2 respectively, were decreased, whereas the intensities of the peaks of it.PP at 

814 cm−1, 1156 cm−1, and 1332 cm−1, which were originated from stretching of C—C bonds, 

stretching of C—C bonds and twisting and waging of CH2 respectively, were increased in the 

interphase region.73–77 We defined the region with the change of the components as “interphase 

thickness”, as shown in Figure 2. The interphase thickness of it.PP/r-EOR was 2.4 µm. The optical 

resolution of Raman scattering measurements was around 350 nm and the measurement steps of 
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the stages was 300 nm. Because the interphase thickness was much larger than these device 

resolution, the obtained value of the interphase thickness was significantly reasonable. The 

interphase thickness of it.PP/b-EOR/it.PP and it.PP/LMW-EOR/it.PP from Raman scattering 

measurements were also estimated and shown in Table 2. The thicknesses were increased in the 

order of LMW-EOR, r-EOR, and b-EOR. This order corresponded to those of their T-peel 

strengths. These results suggested the correlation between T-peel strengths and interphase 

thicknesses. We have previously reported on the dependence of T-peel strength on interphase 

thickness and primer treatment.6 In this work, as the similar relation between T-peel strengths and 

interphase thicknesses without any primer treatment was observed, we suspected that the 

morphology and molecular behavior in the interphase region would have a large effect on their 

adhesive properties. 

 

Table 2. Interphase thickness between it.PP and EORs laminates. 

Adhesive 

sample 

Interphase thickness 

Raman 
X-ray 

refraction 
AFM 

µm µm nm 

LMW-EOR 2.0±0.3 4.2±0.8   52±14 

r-EOR 2.4±0.4 4.6±1.3 225±22 

b-EOR 4.1±0.4 5.2±1.5 620±33 

 

For the deeper investigation on the interphase thickness, other measurement methods with 

various instruments based on different analytical principle were performed; X-ray refraction 

contrast imaging and AFM observation with phase images. The widely accepted X-ray absorption 

contrast imaging is a method with the identification of the difference X-ray absorption coefficients 

of components in materials. Therefore, the optical resolution of instruments directly connects to 

the spatial resolution of the X-ray absorption contrast imaging methods. In contrast, in the X-ray 
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refraction contrast imaging, the refraction phenomena of X-ray at the interface between different 

components is employed, as shown in Figure S10 in the Supporting Information. In the X-ray 

refraction contrast measurements, the edges and interface of the observation subject are 

emphasized clearly and higher contrast resolution is achieved relative to the absorption contrast 

method.78–80 Moreover, in the X-ray refraction contrast imaging, the edge region areas depend on 

the camera distance form a sample to a detector. Figure 3 shows an X-ray refraction contrast image 

and a gray value profile around interphase of a it.PP/r-EOR/it.PP laminate with 1 mm of camera 

distance. At the interphase between r-EOR and it.PP, the black region was observed and the 

thickness of black region was estimated as 4.7 µm. In addition, before the measurements, we 

evaluated the dependence on the thickness of sliced specimens and the tilts of samples to the X-

ray beam. Figures S16 and S17 in the Supporting Information show the thickness of black region 

with various thickness of sliced specimens and tilt angles between samples and irradiated X-ray 

beam. As the thicknesses of sliced specimens had no effect on the thicknesses of black regions, 

the specimens with around 500 µm thickness were used. At a tilt angle, the minimum of the 

thickness of black region was observed. Therefore, in the X-ray refraction contrast measurements, 

the geometry, where the black region became narrowest, was controlled by rotating the sample 

after a sliced sample was mounted on the measurement stage. Moreover, we measured X-ray 

refraction contrast imaging of all the laminate samples with various camera distance using the 

geometries where the X-ray beam was irradiated form the direction parallel to the interphase of 

samples. To exclude the dependence of the camera distance L, the thickness of black region 

measured with various camera distance was plotted and the thickness at L = 0 was estimated by 

extrapolating to y-axis as shown in Figure 4. We defined the thickness at L = 0 as an interphase 

thickness in the X-ray refraction contrast measurement.  
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Figure 3. X-ray refraction contrast image and gray value profile of interface between it.PP and r-

EOR. Camera distance L was 1 mm. The shadow region was defined as a black region. 

 

 

Figure 4. Plots of black region thicknesses and camera distance L of it.PP/r-EOR/it.PP laminates. 
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In Table 2, the estimated interphase thicknesses of laminates with LMW-EOR, r-EOR, and b-

EOR in X-ray refraction contrast measurements are also shown. The thicknesses were increased 

in the order of the laminates of LMW-EOR, r-EOR, and b-EOR. The specimens with larger 

interphase thickness possessed larger T-peel strength. These relatively corresponded to the results 

of confocal Raman scattering imaging. The difference in the absolute values of the interphase 

thickness in Raman scattering imaging and X-ray refraction contrast measurement would be 

attributed the spatial resolution of these analysis methods. Actually, the spatial resolution of the 

X-ray contrast measurement was around 1 µm, which value was larger than 350 nm, that of Raman 

scattering imaging.  
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Figure 5. (a) Topological and (b) phase AFM images of it.PP/r-EOR/it.PP laminates and (c) 

profiles of phase contrast across interphase of it.PP/r-EOR/it.PP laminates. 

 

 

In addition, we investigated on the interphase of the laminates with LMW-EOR, r-EOR, and 

b-EOR with AFM imaging. The topological and phase AFM images of the interphase of a it.PP/r-

EOR/it.PP laminate sample are shown in Figure 5a and 5b, respectively. Around the interphase in 

the phase image, the it.PP substrate and the r-EOR adhesive were identified clearly. For all the 

other it.PP/EOR/it.PP laminates, the identification was observed in their phase images. These 

results mean that the difference in height around interphase was enough slight and the 
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identification in their phase images would be attributed to the difference of the components of 

these two layers. From the change of phase contrast around the interphase, the interphase region 

was defined, as shown in Figure 5c. The value of the interphase thickness was much lower than 

those estimated from Raman scattering imaging and X-ray refraction contrast imaging. These 

difference of the interphase thickness would be attributed to the spatial resolution and 

measurement mechanism of their analysis instruments. The resolutions of Raman spectroscopy, 

X-ray refraction contrast imaging and AFM imaging were 350 nm, 800 nm and <1.0 nm, 

respectively. Moreover, in the Raman spectroscopy, the chemical components was detected. In the 

X-ray refraction contrast imaging and AFM imaging, the difference of densities of the components 

and the mechanical properties of the components at the surface were measured, respectively. In 

contrast, the interphase thicknesses were increased in the order of LMW-EOR, r-EOR, and b-EOR, 

which was same trends as the results from the other measurements. These mean that the 

thicknesses observed in AFM images were also correlated to their T-peel strengths.  

 

Figure 6. T-peel strengths and interphase thicknesses of it.PP/LMW-EOR/it.PP, it.PP/r-

EOR/it.PP, and it.PP/b-EOR/it.PP laminates 

 

Figure 6 summarized adhesive strengths and the interphase thicknesses obtained from all the 

measurements of all the it.PP/EOR/it.PP laminates. The laminates including EOR adhesives with 
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higher molecular weight and crystallinity possessed the larger peel strength and larger interphase 

thickness. In the laminating with hot-pressing, the mutual diffusion at the interface of amorphous 

polymer has been discussed. The molecular diffusion at the interface was controlled by the 

molecular weights. Polymer chains with low molecular weight are well-diffused and the 

crystallites restrict the dynamics of dynamics of polymer chains. For example, the diffusion 

distance of the polymer chains in polymer matrix can be estimated to be less than 100 nm from the 

Fick diffusion equation. However, the results in this study was inconsistent with the diffusion 

theory. Actually, the laminates of r-EOR and b-EOR with higher molecular weight possessed 

larger thicknesses of interphase as well as the laminate of crystalline b-EOR adhesive with high 

crystallinity showed the largest. The interphase thicknesses of r-EOR and b-EOR laminates were 

several micrometers from Raman scattering imaging and X-ray refraction contrast imaging, and 

even larger than 100 nm at least. These suggest that the formation of the interphase regions might 

not be solely depend on the diffusion of molecular chains around the interphase. 

 

Figure 7. T-peel strength and interphase thickness of it.PP/b-EOR adhesives with various 

crystallinities of it.PP substrates. 
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For the investigation of the effect of crystallinity on the interphase thickness and adhesive 

strength, we measured the surface crystallinity, T-peel strength, and interphase thickness of the 

it.PP/EOR/it.PP laminates with various surface crystallinity of it.PP substrates. Their interphase 

thickness was evaluated by confoacal Raman scattering microscopy. The surface crystallinity of 

it.PP substrates was controlled by the annealing temperature from 100 °C to 150 °C. As shown in 

Figure 7, the it.PP/b-EOR/it.PP laminate with lower crystallinity showed higher adhesive strength 

and larger interphase thickness. On the contrary, the adhesive strength is independent of the 

substrate crystallinity for it.PP/r-EOR adhesives systems, where r-EOR showed no crystalline 

structures, as shown in Figure S28 in the Supporting Information. When laminating substrates with 

high crystallinity, the crystal growing of the substrates in the interphase region was reduced in the 

hot-press process. Therefore, the lower interphase thickness of it.PP substrates with higher 

crystallinity would be attributed to the decrease of crystal growing in hot-pressing process. It is 

suspected that the driving force of the formation of the interphase region might be provided from 

the interlock of lamellae such as “nanoanchor effect” and the interlock would reinforce the 

interphase region, as shown in Figure 8.   

 

Figure 8. Illustration of the interphase of it.PP/b-EOR involving interlock of lamellae. 
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CONCLUSIONS 

We performed the investigation on the interphase between it.PP substrates and ethylene-octene 

rubber (EOR) hot-melt adhesives, such as LMW-EOR, r-EOR, and b-EOR. For the evaluation of 

the interphase, we suggested and established the X-ray refraction contrast imaging methods. The 

results of the X-ray refraction contrast imaging methods well corresponded to those of confocal 

Raman scattering imaging and AFM imaging, which have been previously accepted for the 

investigation on the thickness. In addition, the larger interphase thickness provided the larger 

adhesion strength, from the comparison of the it.PP/LMW-EOR/it.PP, it.PP/r-EOR/it.PP, and 

it.PP/b-EOR/it.PP laminates. Moreover, the correlation of the interface crystallinity with the 

interphase thickness and adhesive strength was observed. Although only the diffusion of molecular 

chains has been discussed in the formation of the interface, it is revealed that the interphase region 

of the crystalline substrates and EOR adhesives was provided from the interlock of lamellae 

involving crystalline-growing, and the control of the crystalline growing in the interphase region 

was significant. 

.  
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