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Nondestructive Testing of Corrosion Thickness of Steel Plates Under
Coatings by Terahertz Time-Domain Spectroscopy
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Laboratory of Intelligent Structure System in Civil Engineering, Harbin Institute of Technology (Shenzhen),

Shenzhen 518055, Guangdong, China

Abstract Due to the unevenness of the corrosion layer and effect of the coatings, it is difficult to accurately detect the
corrosion thickness of steel plates by the existing nondestructive testing (NDT) approaches. Based on the properties of the
high transmission to non-polar materials and reflection on the surface of polar metal materials of terahertz (THz) wave, a
nondestructive terahertz time-domain spectroscopy (THz-TDS) is utilized to detect the corrosion thickness under coatings
in this paper. The experimental results show that in the effective frequency range of 0. 2-1. 2 THz, the refractive index of
corrosion products, epoxy resin, rubber and cement paste is 2. 80, 1.94, 2.18 and 2. 04, respectively. The delay time
difference between the sample and the reference signals in transmission THz-TDS exhibits a linear relationship with the
refractive index. The reflected THz signal can identify the corrosion layer on steel plate surface, and accurately measure
the corrosion layer with thickness greater than 40 pm. The corrosion of steel plates under coatings can be judged by the
number and attenuation of signal amplitude in reflection THz-TDS. The thicknesses of the coatings and corrosion layer are
determined with accuracy greater than 90% by the delay time difference corresponding to the signal amplitudes. The
application and accuracy of THz-TDS for NDT corrosion thickness detection of steel plates under coatings are therefore
proved.
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Fig. 1 THoz reflected signal path and received results. (a) THz signal path of monolayer; (b) reflected THz signal of monolayer (epoxy

resin+steel plate sample as an example); (c) THz signal path of double layers; (d) reflected THz signal of double layers (epoxy
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Table 2 Steel plates with the different coating materials
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Fig. 3 Samples for transmission THz-TDS. (a) Corrosion products; (b) epoxy resin; (¢c) rubber; (d) paste
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Fig. 5 Refractive index of samples. (a) Refractive index; (b) relationship of refractive index and delay time difference

8

(=}
=~
&
=

Absorbance
'

2t ———corrosion
products
0 - - A n n n
02 07 12 17 22 27 32
Frequency /THz

8

© ——rubber
6

Absorbance
'S

Do

0
02 07 12 17 22 27 32
Frequency /THz

8

epoxy resin

®)

(=7}

Absorbance
'S

1
1
0 e ot i i i
02 07 12 17 22 27 32
Frequency /THz

@

Absorbance
'S

0
02 07 12 17 22 27 32
Frequency /THz

6 Rl A IR AR E L () B g 5 () BRI 5 ()RR 5 () i 3

Fig. 6 Absorption coefficient of the samples. (a) Corrosion products; (b) epoxy resin; (c) rubber; (d) paste

4.2 SHMMEN THz REE RS HEERIE
b4 ol R A 1,3,7,15, 28 d B AR RE i 3R 1T I
F5X THz-TDS M 2 , 45 R an & 7 (a) Fros o AN #s & 4t
1) THz {5 5 76 A& 56 il 4 b 26 1 & A 38, I {5 5 5
JE LA TC Rk, BRI K R 5 Tl AR 1 AR S
KHZFEAFS . B 5 SEAE SR AT K R 3K 5
T2 B A7 AE B THz B 38045 5 ) BR8] 28 3R |, IF B 45

Tl 09 0 3, THz A5 5 W (B B0, BREE I 1 d
YRR & A0 25 5 1l S JULRE & 10 S 5 THz 55 35 H 31
2AESRE . THz G5 B2 1(a) fis . 18
1 S BT Hz 2 S5 55 o g {56 7 28 38 i ) 22, 1% A X
(4) X80 AR 1 45 b 2 TR B R AT 338 181 7(b) v A
457 THz-TDS FiEbs - RO 85l J2 5 5 00 5 79 10 1K
BlE s A Il R B E AT BRI G . T 1d

1312001-5



& 42 % 2 13 89/2022 £ 7 A /K22

S = N W e,

Terahertz signal /arb. units

5 10 15 20

Delay time /ps

300
(b) © thickness by vernier caliper
250 « thickness by THz
200 y=7.32080+10.513] %
R?=0.9901 | e

._.
1)
IS)
v
"
5,

Thinckness /um
—_
[l
(<]

50| §.&  y=6z60nei765
o R=0.9937
0%
0 5 10 15 20 25 30
Corrosion time /d

BI7 k)2 B E  (a) THz RAHE 5 5 (b) THz-TDS Al 5 R4 I 25 58 X0 L
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Fig. 8 Reflected THz signals of different coating materials. (a) Un-corroded steel plates; (b) steel plates corroded for 28 d
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