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Structural characterization of mill-scale on production steel using terahertz pulse imaging in reflective geometry

Terahertz pulsed imaging was employed to characterize the mill scale thickness on production steel, validating this practical application of terahertz technology in a production environment.
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I. INTRODUCTION

ondestructive evaluation (NDE) techniques for monitoring coating thickness are essential for various industries. To date, the most common approach for industries is cross-sectional imaging, which is a destructive approach and can only provide the thickness information along the cross-section.

Terahertz (THz) techniques have attracted considerable interest as noninvasive, noncontact, nonionizing and nondestructive methods to characterize various nonmetallic materials with single-or multi-layered structures. Due to the capability of providing the thickness distribution for entire sample, the uniformity of coating thickness can also be estimated based on THz results. Therefore, THz techniques are promising for in-line thickness estimation in production environments.

Based on our previous work [START_REF] Zhai | Optically thin mill scale on steel thickness measurement by nondestructive terahertz reflectometry[END_REF] on laboratory-prepared mill scale on steel coupons with thickness from 5 𝜇𝑚 to 30 𝜇𝑚, in this work, THz imaging incorporated with advanced post-signal processing techniques was employed to reconstruct the thickness of a mill-scale layer on production steel. Due to the fact that the mill-scale is optically thin, an advanced signal-processing technique called autoregressive spectral extrapolation (AR) was applied to separate the overlapping echoes reflected from the air/mill scale and mill scale/steel interfaces. More detailed information can be found in Ref. [START_REF] Dong | Depth resolution enhancement of terahertz deconvolution by autoregressive spectral extrapolation[END_REF]. Fig. 1 shows that, after applying AR deconvolution, the structure information can be extracted, and the thickness of mill-scale layer can be estimated based on the optical distance between two positive echoes. 

II. RESULTS

III. SUMMARY

The application of terahertz pulse imaging in reflective geometry is demonstrated for the study of mill scale on production steel. Mill-scale thickness of ~10 𝜇𝑚 is measured clearly on both sides of the sample, and the uniformity of coating thickness is also discussed based on deconvolved result. The success of characterizing the thickness of optically thin mill scale suggests this technique for in-line thickness measurement.

Fig. 1 .

 1 Fig. 1. The raw reflected THz signal (red) and the AR deconvolved results (black). The inset shows the representation of round-trip echo.

Fig. 2

 2 Fig. 2 The top-view (a) and cross-sectional view (b) of visible photograph for mill-scale on production steel; (c)-(d) The binary Bscan results based on deconvolved results for both sides of measured samples.Fig 2 (c)-(d) presents binary THz B-scans based on the deconvolved data along the red line for both side of sample. The identification of mill scale layer on both sides shows a consistent with the cross-sectional results shown in Fig. 2(b). The uniformity of the thickness of mill scale layer on both sides are also estimated based on AR results, which is 16.34+4.06 𝜇𝑚 and 11.45+4.06 𝜇𝑚, respectively.