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Friction, Wear and Lubrication in Nuclear Environments

WANG Peng'’, CHAI Ligiang'*, ZHAO Xiaoyu', ZHANG Beibei', LIU Weimin'

(1. State Key Laboratory of Solid Lubrication, Lanzhou Institute of Chemical Physics, Chinese Academy of Sciences,
Gansu Lanzhou 730000, China
2. University of Chinese Academy of Sciences, Beijing 100049, China)
Abstract: Understanding the friction, wear and lubrication of materials used in nuclear environments is important to
build the third and fourth generation nuclear fission reactor, and also a critical factor to prove the feasibility of future
advanced nuclear fusion reactor. Materials worked in mechanical component of reactor especially in the primary circuit
not only suffer to cyclic stress, friction and wear, but also directly face high temperature, erosion and radiation harsh
environments, in this review the friction and wear of structural materials, as well as the unique requirement of lubricants

used in nuclear reactor were discussed, the progress and challenge in this research field were also summarized and

proposed.
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Primary circuit
Anti-vibration bars:
Alloy 600,405 SS  Steam dryers:

Vessel:alloy steel 304 SS
Clad: 308, 309 SS SG yessel wall:

Alloy 600MA, 690TT!

Closure studs:

Alloy steel }
Vessel:
« Alloy steel \:\ ]
* Clad: 308,309 SS

Control rod:
« SS clad

« B,C + SS poison

Core structurals;
304 SS

High strength:

A 286, X750

Fuel cladding:

Zy-4, advanced
Zr alloys

Fue

[epp——— ————

Primary piping:
304,316 SS

Pump materials:

Primary plenum clad:
308, 309 SS

Divider plate:

« Hi str:A 286, 17-4 PH, X750 Alloy 600
¢ Structural: 304, 316 SS .
« Impeller housing: cast stainless SG tubing:

Alloys 600MA,
600TT, 690TT, 800

Carbon steel MSR:

Welds: ow alloy steel
*+ SS to SS: 308 SS
« Steel to SS: 308,309 ™ G T W Y
CRDM housing : £
i Aﬁ i

Secondary circuit

Turbine:

* Rotor:low alloy steel

* Blades: 17-4PH, 403 SS

« Blade attach: low alloy steel
* Diaphram, Cr steel

439 ferritic steel

Moisture
separator lectric
reheter power

Generator:

* Retaining ring:
high strength, high
toughness

« Copper conductors

Power
ransformer

A Condenser tubes:
* Ti or SS tubes

SG tubesheet:
Low alloy steel

Tube supports:
405 SS Carbon steel

‘_-_‘_""“- Condenser tubesheet:

pump

Condenser strucural:
Water side: carbon steel

. + Cathodic protection
Preheater l Cooling or titanium clad
L\ water

O ondenser pump@

Cooling water:
River or sea water,
cooling tower

Preheater tubing:

Secondary feedwater piping:

Welds:

Steel to SS:82, 182

Fig. 1 Schematic of the primary and secondary circuits of a pressurized water reactor and materials of construction, the primary
circuit marked with the red dashed line™”
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Fig. 2 Reactor primary loop internal structure diagram of the nuclear island (a); Fuel cladding transport and assemble (b); Schematic
of fretting wear and wear location of cladding caused by coolant circulation disturbance (c, d); Schematic of three stages of fretting
wear of fuel cladding[w] (e)
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shutdown system [} Control rod drive mechanism
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Fuel charge tube
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- Coated particles
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(a) Explcit

Graphite reflectors
pebble model

| Main helium blower _
Reactor pressure vessel

Reactor core
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Fuel discharge tube

Fuel discharge device

Feed water inlet

Fig. 3 Schematic of high-temperature gas-cooled reactor structure and fuel graphite pellet circulation

(b) Homogenized
pebble model

Control rod drive mechanism

Pressure vessel standpipe
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according to literature[26]
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Fig. 5 Changes of friction coefficient and wear rate of three polymers as function of radiation dose of gamma rays
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Fig. 6 Tribological properties of diamond-like carbon films under gamma ray irradiation and high temperature helium gas
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Fig. 7 Schematic of JET(a) and vacuum chamber first wall (b) of tokamak device; replace the first wall component with the remote
control arm (yellow part in the red block diagram) (c); the inner wall of EAST(d) and operation of remote manipulator in EAST (e)
and the overall of remote manipulator physical picture (f)
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