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Development and application introduction of industrial electron accelerator and surface

treatment implementation with an ion beam made in China

WANG Fei LI Xuexian JIA Enming QIU Weiwei FAN Linxia
(Beijing Research Institute of Automation for Machinery Industry, Beijing 100120, China)

ABSTRACT The S-band electron linear accelerator developed for nondestructive testing is primarily used to
inspect pressure vessels, petrochemical parts, and other industrial components. The X-band electron linear
accelerator has been developed in RIAMB, owing to its advantageous flexibility and light weight and can be used for
on-site testing. The integral solution of the irradiation electron linear accelerator system provided by RIAMB
includes an accelerator, transmission line, production management system, automatic storage and retrieval system,
and workshop. The electrocurtain accelerator is currently being developed in RIAMB. At present, it includes two
models, with maximum accelerating voltages of 200 kV and 150 kV, respectively. The ion beam surface processing
technology includes ion implantation surface modifications, magnetic filtration multi-arc ion coatings, and ion beam
assisted deposition coatings. It forms a corrosion-resistant, friction-resistant, anti-icing, and friction-reducing film on
the surface of parts such as bearings and pitot tubes, which are primarily used in the aerospace field.
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Fig.1 Modulator of standing-wave electron linac for
nondestructive testing
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Fig.2 Application scence of standing-wave electron linac for
nondestructive testing
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Fig.3 X-ray head and RF unit of 6 MeV X-band standing
wave linac
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Table 1 Technical parameters of 6 MeV X-band
standing wave electron linac

T HER / MeV Electron beam energy 6

X SRR FAER / ((cGy'm)-min™) > 600
X-ray beam dose rate

£E A / mm Diameters of focus <1.5
+7.5°80 XS BT L / % > 62
X-ray beam flatness at +7.5°

+7.5°40 X BHERADS TR / % <+5
X-ray beam symmetry at +7.5°

FEARAS: D R B / % <1

Radiographic inspection sensitivity
R R ER LR / mm Thickness of tested steel — 50~280
Hkf KE® / kg Maximum weight of unit <80
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Table 2 Technical parameters of 10 MeV traveling
wave electron linac for radiation processing

T HAER / MeV Electron beam energy 10+0.5
PR E / mA 20
Average electron beam intensity

1% ) kKW Average power 20

REm AR Y / % Energy instability <5
HIRAFRESE / % Intensity instability <5

FHE %5 F / mm Scanning width 600~1 000
FRAYIZIE / % Scanning uniformity <10
HHESIR / Hz Scanning frequency 1~10
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Fig.4 Application scence of 10 MeV travelling wave linac
for radiation processing
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Fig.5 Electrocurtain accelerator
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Table 3 Technical parameters of electrocurtain
accelerator

BEMEEEE /KV 200 150
Maximum accelerat-

ing voltage

KR EEE 6 000
/ (kGy'm)-min™")

Maximum surface

12 000

dose rate

AR /mm 500 BRCGEHD 1 250 B CGE D
Maximum uniform 500 or 1250 or

beam width custom-made custom-made
IS % <9 <9

Cross-web uniformity

WIRARRERE /% <2 <<

Instability of electron

beam intensity

e AFUEE / % <2 <2

Instability of electron
beam energy
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Fig.6 Ion implanter (a) and schematic diagram of ion implantation equipment (b)
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Fig.7 Multi-arc ion plating equipment (a) and schematic diagram of magnetic filtration multi arc ion plating equipment (b)
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Fig.8 Ion beam assisted deposition equipment (a) and principal of lon beam assisted deposition (b)
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