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Development of Invar Shadow-Mask Materials with
Low Thermal Expansion and High Strength
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The Invar alloy has been applied to the shadow mask of Cathode Ray Tube
because of its low thermal expansion coefficient. With the advance of the trend
of the flat and high definition , lower thermal expansion and higher strength are
required. We have investigated the influence of chemical compositions and
some conditions in their manufacturing processes on thermal expansion and
mechanical properties of Invar alloy. Lowering the manganese content was
found to improve thermal expansion, besides optimizing the cobalt content was
more effective for lowering thermal expansion. In addition, a small additions of
niobium can markedly refin grain size by precipitating in the form of
carbonitrides. The niobium content is so small that it has no influence upon its
thermal expansion. As a result of our study, Shadow-mask materials with low
thermal expansion and high strength are developed by grain size control and

optimizing alloy elements.
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the matrix grain size estimated by Zener's equation
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Table 1 Appraisement of etching property

tchi tel] tchingl
Materiald elehing -ra ¢ i
- um/min factor
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strength material A ' .
3 ]
Low expansion, highO
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strength materia 0 ml
Low exp‘ansmnD 15.00 2.70
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After annealing : 1123Kx 900s

0.2% proof stress[]

MaterialC)
arena MPall
Invar 80-1600
Low expansion, hight 115 EZSD
strength material A
- - O
Low expansmn', highO 120-130
strength material B
Low expansion material A 105-1150
Super Invar 110-120
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Table 2 Result of warm tesion test
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Table 3 Thermal expansion coefficient and emissivity of
development materials

After annealing : 1123Kx 900s

ThermalO
Materiall expansion(] issivit
a eDna coefficientd emissivity
x 10°¢/0 0
Invar 0.9-1.00 0.210
Low expansion, highC) u 0
. 0.6-0.70 0.250
strength material A
O O
L ion, highO
ow expansmn., 9 0.35-0.450 0.270
strength material B O O
Low expansion(] 0.35-0.4500 0.230
material A 0 O
Super Invar 0.4-0.5 0.22
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Table 4 Magnetic properties of development materials

After annealing : 1123Kx 900s
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Table 5 Permeability of development materials induced pre-
strain

Blacking treatment

MaterialOl
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strength material A
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