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ABSTRACT The continuing development of X-ray light sources, optical devices and image analy-
sis technologies enables us to nondestructively analyze internal structures of materials by using 3D
imaging with a spatial resolution of micron, even dozens of nanometers. Innovations in materials sci-
ence and technology will benefit from the new achievements of the X-ray tomography with higher
resolution. This article devotes to review the origination and development of the X-ray tomography
techniques for 3D imaging and introduce the principles and specifications of three imaging methods,
including absorption imaging, phase contrast imaging and holographic imaging. The differences be-
tween synchrotron—based and laboratory—based X-ray tomography are also discussed. To explore new
opportunities of the high resolution X-ray tomography in the development of material science and
technology, particular emphasis is laid on the applications for traditional materials with a 3D view,
such as the characterizations of holes, cracks, corrosion, composites, and in situ testing etc..
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XRT(GEE). fiif XRT (dhiAk%) s XRT(4H). H
H, HEES XRT HAR, MMUBEAER B 5 E 3,
WEELE Y L = R A LV HEUMEARSER
SRR X HTRH, HEEERZB R E BV . A4S0k
gaiF it XRT BIFAUR.

HEREZHF R LAEF, XRT BERiRK X SHLRBIZER
1%, X BHREHTEUIR . X SR B MBUR sUE TR B AR
1%, BAR, AR BIARE LA B A8 AT BxE
OB SRk B A — AN E N I, 4SS B AL L — AT
ffkss, FEIANTVRMRT it HRTXRT HARAEM BRI,
T H RS R ARSUE BB kR, $%] HRTXRT AR
FIAPRIBLERI G A . I, 2SO B 6 28 XRT R AR
Pis, HWRES XRT BJURBURIEIE, RIG%EE K&
SJEAELY R BB Rk v 48 HRTXRT HARTER
BIERLEREINH, &5 R A LEE HRTXRT
frtEe s, DREMANAE HRTXRT R4 R LIEN
1 X HE&=#RRIVAR

ARSI, 1895 4F, fEEYHE2K Roentgen £ T
X §4k, HAER F LiEWH B RE TN FRHERE. %
BB A NI BTk Eg O X HEuE
W T 20T, TR 8 B AR S, SRT, 1% EAT
TEPH ARG BAURIR P X SR A
M 4EBY. WRAEBGE T LR R [ A3 Z TS
AR, MIBGEAR &, JTCEWERSHE, IR 5]-5 2 W
I E R

1917 48, Radonl™ $#H T WiRHI AR B FA AR
B ZEH, ek s B RAR LA E, R m
XEHE EARS RS S, e Radon 28#, SEwT LIS
1T Radon AL FRAIZ, Wi EEMIAMEIR. &
i, Radon §y%zE BAEER| 20 4 70 ERIA AT
1. 1963 48, Cormack!® T X SHRZEN WIS Tl
WHIEE, KRBT Rl LR X SRl
SIATHITTER, IS T LS B B AR A P
M. Cormack kKX ALK ZH M AN 2B
B T SRS 5 — A 1972 4, Hounsfield Ji32%
BT R, BERh TR RS- X HERTR
HLBEFERHL (computed tomography, CT), 3 FIRE
RETHEZRRGHIEX O $—4& CT Mlinssx
(M4 T 2 MEEZEERST) 25 26 mml0. i, X
SR REIR IS 25 B 22 50 W 9 A MRZLZR, T ELREAS 4
PLEA AU RRAR O, PR T X SREm
B RIS A MR T B (] 0, AROK R T RS2 I T St
FVERE, WAL T X STREZ 2 BAEM. Cormack

A1 Hounsfield H A4S 1979 4EAT1E V/RAFE EEIE.

AT XRT #ANRKZIR T EZRE, miTEe
G BRI AR . 82 b, fEREE TR 7R,
XRT HARTE T T35 7 T 8 S0 H 2532 0. —
T, L% A TCHRIEG IR AN, 55 —J7TH, A
EM CT HURERIEEM. FER MR, DI HE
Wi AL 2R R AR B, SRR LR

WEE R RIREE, AT XRT HARM5HE6E S48
THEEMER. W XRT M HERENZRER
s H LB MR A R SISOk R, A a5k kR s
AR, Z ARG . 48 809 57 B o 45
RRELLAERE SR A RBFIE. 20 e 70 RS, BT
JEZ A I TH RS 5m:, FITERT X SHREERM
BARHICE 0, 1 Fresnel P4 B0 TRE. X B0
20, AR T X SRR YRR RN, REEER I
AT ET AT B, RAEE T X SRR
HI4r e, 1982 48, Elliott il Dover['?l #—ykf#i XRT
I FERB R ORI K. AN, R mRADEIAREL
H#ir X%, Flannery % 31 F 1087 4E3k8 T 84
1 pm S8R =R %, Haddad 28 M4 0T 1994 48
[ AR — 25 A8 T R0 38324524 100 nm f
—4EER.

N EREMT RS X HEEHE, F4a8m0
AR BEEEOY X ST EARIES, XRT HARM N HE
ANFHBEE. 1997 48, Guvenilir 2 15 % JFE T XRT
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FRA R X SR GE S LA R R KR tmax. B
% E WRE, tmax BB £ 1 5H T8 WA
B E R tmax. PIAIEET AL 24 E 24 10, 30 Al
150 keV B}, tmax 23518 0.227, 5.286 # 43.273 mm;
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Table 1 Maximum thickness tmax for normal single substances under different X-ray energy E

(mm)

E Mg C Si Al Ti Fe Ni Cu Zr Ag Ta Pb w
keV

5 0.059 0.371 0.028 0.031 0.005 0.015 0.010 0.010 0.005 0.002 0.002 0.002 0.002
10 0.440 2.993 0.204 0.227 0.032 0.012 0.009 0.008 0.033 0.013 0.004 0.011 0.009
20 3.353 16.068 1.548 1.733 0.225 0.080 0.056 0.053 0.034 0.084 0.015 0.016 0.013
30 9.954 27.720 4.812 5.286 0.718 0.250 0.175 0.165 0.100 0.042 0.044 0.047 0.037
40 18.979  34.210 9.854 10.489 1.613 0.563 0.393 0.371 0.217 0.089 0.094 0.099 0.078
50 28.139 37.958 15.758  16.199 2.945 1.044 0.731 0.691 0.401 0.163 0.169 0.177 0.141
60 36.045 40.513 21.546  21.465 4.663 1.697 1.195 1.133 0.660 0.266 0.271 0.283 0.225
80 47.481 44.111  31.014  29.549 8.816 3.435 2.474 2.366 1.437 0.579 0.127 0.587 0.107
100 54.944 46.908 37.656 34.994 13.128 5.501 4.071 3.937 2.560 1.044 0.225 0.256 0.188
150  66.453  52.724 47.720 43.273 21.663 10.411 8.186 8.141 6.524 2.829 0.632 0.705 0.529
200 74.406 57.786  54.195 48.757 27.186  14.005 11.425 11.578 11.054 5.164 1.273 1.422 1.066
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Fig.1 Schematic drawing of several phase contrast imaging methods

(a) crystal interferometer imaging

(c) grating based imaging

(b) diffraction enhanced imaging

(d) propagation based imaging
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Fig.2 Schematic drawing of the holotomography setup (Images recorded at different distances from the sample are

combined to retrieve numerically the phase of the exiting wave from the sample. This is repeated for a large

number of angular positions of the spccimen)[54]
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iz

Fig.3 3D rendering of the pores in a Ni-based alloy (a), irregular pore (b) and sphere pore (c) acquired by high

resolution transmission X-ray tomography (HRTXRT)
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5 316L AFHMENGHRO = MMM SEM &, UKZERGRTBRMASEREY HRTXRT Bi
Fig.5 SEM image of 316L stainless steel sample after three point single-edge notched bend (SENB) test (a), volume

renderings of local volume of the sample (b) and the crack morphology (c) acquired by HRTXRT

(a)

(b)

6 AZ91 HEEHMMHRERA X SRR
PR AL AR ) = 4R 53 AT 1]

Fig.6 Volume rendering of a plate specimen from the corro-
sion products of AZ91 alloy (a) and 3D distribution
of the red phase shown in Fig.6a (b)
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Fig.7 Volume rendering of the C-C composite after reconstruction of the data obtained from X-ray tomography
(a), the 3D distribution of the red phase in Fig.7a (b) and the 3D distribution of the crack in Fig.7a (c)
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Fig.8 Schematic drawing of the experimental set—up used at ESRF on the ID19 beam line[109]
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Table 2 X-ray tomography beamlines in the synchrotron facilities in China and the major 3rd gen-
eration synchrotron light sources in other countries
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Japan Hyogo Super Photon Ring-8 BL47XU 5.2—37.7
China Shanghai Shanghai Synchrotron Radiation Facility BL13W1 8.0—72.5
China Hefei National Synchrotron Radiation Laboratory UTA —11
China Beijing Beijing Synchrotron Radiation Facility 4W1A 5—20
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Fig.9 Schematic drawing of the Lab—X-ray tomography
experimental set—up used in Shenyang National Lab-
oratory for Materials Science, Institute of Metal Re-

search, Chinese Academy of Sciences
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