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Super field of view neutron imaging by fission neutrons elicited from research reactor
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CAO Chao SUN Yong YANG Xin LI Rundong TANG Bin

(Institute of Nuclear Physics and Chemistry, China Academy of Engineering Physics, Mianyang 621900, China)

Abstract  [Background] Neutron radiography (NR) is an important nondestructive testing method. NR is
particularly useful for detection of light materials in medium and large heavy samples. Especially, the fast neutrons
can penetrate the heavy materials and reveal the structure of the light materials. Compared to accelerator neutron
sources, the fission neutrons elicited from a reactor are stable and of high quality. The fission neutron imaging is a
useful complementary testing technology, especially for industrial applications that require high throughput and large-
scale testing. [Purpose] This study aims to investigate the super field of view neutron imaging by fission neutrons
elicited from research reactor. [Methods] Based on theoretical analysis and Monte-Carlo simulation, one filter
combination was employed to improve the proportion of fission neutrons in the thermal neutron beamline at China
Mianyang Research Reactor (CMRR). A fission neutron imaging system was constructed by employing a large field
fast neutron fluorescent screen, short focus distance lens, and scientific charge coupled device (CCD) camera. Finally,
some samples were tested using fission neutron tomography. [Results] The fission neutron flux reaches up to
3x10° em™-s™" when the L/D ratio is about 260. The field of view of NR is up to 400 mmx400 mm with resolution

was better than 0.5 mm. Using super field of view method, samples less than 600 mm can be tested with this new
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system. [Conclusions] Combination of theoretical calculation and experimental methods, fission neutron imaging

can be improved to overcome some of the limitations of traditional neutron radiography techniques, and meet the

needs of large sample detection in the future.
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W U AR SR — o B e R
%, FE TR FUHE B IR BR A2 5] = i U AR
B, TS SRR ARk, BT AR
IR T (MeV e RERD G H AR K Vs ,
AR TR E R T, PR T RS R BE A
rh R RRE il (R R Rk G e A N A IR R 4 L Ry
(T

H AT, PAR A s S 2R AN [, sk 2% -5
£, 45 D-D 1 F P D-T # FJE7 . D-Be T
P p-Be TR . RTINS MR T
IR o FE AN R 1 B, IR &8 TR IR E SRR e 18 AT
N 1A — A P BRI G A ) o U R R — R
10"~10" s, 3L B AR AL B (#2300 #E E LLTHFD 1
MeV i — AL 10 em™ s

SRR FUHE R b T R A5 R e i o B AL T
Sl HEN B AL S R, R B AL S B R TR
bl ik 15 BL B, g o B b 7 & R
10°em™-s™ FRRTHE T Z R 4, I H AR
FAE R EREETE0.1 MeV LI B AREEIX 1.
TEAN AR HE N 5] H G5 00 I R b ol i SR = P A
AW TE IF R 200 T 7 AL - B - AR 2 A B R A
T4 P AR 2 2 A BR KA 1

WKFEZR BH B FLHE AR B I8 4T, I R 26 AT DA it
WS 18] B - AR A T PR R S g i AT . i
TF R KA &, VS BC N T 58 22 80 B il , SR FH 2%
)6 JE il b #% & (Charge Coupled Device, CCD)AH AL,
HATTER | — B XU TG RS . FIHE

M BAR T, 12 R Gk B A A IR TR S R BE
1 RPEASRER T TG RE

AR FUHER R T R R R B DR BB AT 24,
22 B T HE Y 51 HE K SLIE SR ETT e Kl 2
B LA ) 10 0' B - vHE L - R BT B MR R
BARRE WA PR,

v —i
- -
>

=48

-
LY

— J

8 £ i
E1 b E R T
Fig.1 Snapshot of thermal neutron imaging facility
N T T KA IZAEE AL RS , 2T+ AR
MRS RSH TR TR . TR, PR T —& KM
H T RB RS ZRG KIS T
Bt R A7 8 & R BB FLAR € i) 88 S A 4 kx4 k K
HLTH CCD LA, 9 1 R B AR A2 8 K ) SRR
i, e SR e LS AT 1 T RiE . AU T —
E PRI 15 F 400 mm*400 mm [¥] KA #eh 1
B AR 2 Gt 5 Fo UG IS o = B A PR It 45 2R
2 MTAL 3 Fios

2 R ERE
Fig.2 Schematic diagram of large field of view dark shielding case

030201-2



¥ R 2023, 46: 030201

Supplementing Projection
(a) Pictures with 180° Symmetry

]

Data Smoothing

!

Suppressing Truncated Data

1

Super FOV Reconstructing

4 B RESAGE
Fig.4 Flowchart of super field of view methods

(b)

- 5 B
n Siitgononganant R e Sgog
Tog a° o
£ |
> |l
g a3
2l
E 2
ERR
z |
-
0 100 200 300 400 500 Projection Images of Partial Super FOV Reconstruction
Imaging Position / mm Sample Results
El5 T RS A
B3 Kb sig 240t g Fig.5 Experimental results of thermal neutron tomography
(a) T3 EUE , (b) AT T4 A7 based on super field of view methods
Fig.3 Testing results of large field of view thermal neutron s . o s
imaging system 2 HTPFRIGEEVNSEIT

(a) White image, (b) Neutron distribution at imaging plane

- 2538 4 » 260 5T F 9 e e b T PR AR B P T
LERRABE ) T 0 3 mt b, S 300 25 48 Wi %o R H R P AT A TE S A 27 TR X b T
ﬁgﬁﬁ%ggﬁ;@g iﬁ?%* }’_jﬁ‘%*z ,7% A PEFLAE St AR o R
A B A U v 1], EUNE 4 s Al R N
P R T B bR e P B, 7T
PR W R R R BT 5. 7T LB X A L)ET%%%Z%’EE#J?E;%E}%,%Bﬁﬂj%%ﬂﬂ%z:ﬂ
AN SRR B RS IUE R ACR . T i
PSRRI RN REFUAMATHERT T FR 55536, 0 PEGOR S
119 160 s, S5 745 40 1 , S0t o 25 26 1 247 50 1

Filter of Cd

Shielding Wall

=
=
o)
=
]
=
B |
=
7]

1

Shielding

Bearing
Collimator Room f System

Camera

Imaging Room

6 RAH B R R E

Fig.6 Preliminary design diagram of fission neutron imaging

030201-3



FOMESE: WETUHEE RG] AR AR T AL AR BRI 5T

JR SR AT AR S R W 7 fos . ATRUE
B ZINERON RS TR T AR E T4
Fi LIRS PR SR AR RE T 7 (£10.5 eV A
OB IREZ AT R T REE RS L7 B HEN
S AL TR R FLIE AL H 1AL 58 7 L D8
KPR BT T RALNFLRAR I RCR . R, BTk
EARAE X T IAEAE, T3 BRI P th A FEAR.

\ Image of Outlet /

7 R UERAR TR T I B
Fig.7 Fission neutron imaging flat field by cadmium plate
filter

3 REPFREEML

FI SRR DR X R REAT 1 1H 50, 18
FARATI PR RHEOLT i 2 R AE LN CRRD AR 2

HAR AL B R 2 0.1 MeV PL R FB 73 8 5 0 1.48x%
10°cm™s™, 0.1 MeV L | A1 7 4 & K N 9.11x
10°ecm™-s™'s

2 7% FRM-11 24758 rf - 45005 B 1k 8 p el 2
B om ERAL A R FEER RN 7E 1] 6 4L
T8 N B JEARL, WA T R B 1 om AR AL
+1 cm JE 842 mm JE R+ [H] )5 FE 4T (0~5 cm) [ i
JEAA, WE 8 AR,

N_
% ~

[

Front Part of Collimator

1cm Different
Boron lem 2 mm Thickness
Carbide Lead Cadmium Lead

8 IEMEME RN ER

Fig.8 Layout diagram of filter material combination

B AT TR E R X L T R A
Tt AL B8 AT i S AN ) B EE AR O R iR R
Ay S LA i B Rt , WA 1 AR 2. T RAE B, A
BRALBRLIE RS 5 0.1 MeV BL_E rp 50y 2] 2§ v »
TN 5 JSE AT R AR y S 05 5, (BRI 2 PR AT

®1 BRUMTIEFATHFHRZHELSR

Table 1 Monte-Carlo calculation results with boron carbide filter

S Ui 0.1 MeV L FHFEHREZE 0.1 MeV UL EHFTFEREER  yHXEME 0.1 MeV UL FiERR/
Thickness of Pb /cm  Neutron flux below 0.1 MeV Neutron flux above 0.1 MeV Relative y flux 0.1 MeV PL N FiE %
/emes! /emes! Ration of neutron flux above
to below 0.1 MeV

0 1.04x10° 3.49x10° 5.42x107 3.36

1 7.54x10" 2.89x10° 4.03x107 3.83

2 4.70x10* 2.18x10° 3.44x107° 4.63

3 3.56x10" 1.59x10° 2.81x107 448

4 2.37x10* 1.29x10° 2.22x107° 5.44

5 1.66x10* 1.09x10° 1.47x107° 6.54

#2 EHRUITEBEA TR RZITESER
Table 2 Monte-Carlo calculation results without boron carbide filter
) i 4 5 P 0.1 MeVRLFHFEHESR 0.1 MeVR ERFEESR yHXUEHE 0.1 MeV L ERFHEESR/

Thickness of Pb /cm  Neutron flux below 0.1 MeV Neutron flux above 0.1 MeV  Relative y flux

0.1 MeV A FRFiEER

/em2es! /emZes™! Ration of neutron flux above
to below 0.1 MeV
0 3.25%10° 6.78x10° 2.89x10™ 0.21
1 2.30x10° 5.11x10° 2.38x10™ 0.22
2 1.58x10° 3.56x10° 2.21%107" 0.23
3 1.12x10° 2.71%10° 1.85x10™" 0.24
4 7.91x10° 2.38x10° 1.52x10™ 0.30
5 5.17x10° 1.77x10° 9.59x107 0.34
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Fig.13 Fission neutron tomography results of air pump based on super field of view
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