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Influence of Annealing Conditions on Surface Characteristics of Invar Alloy for Shadow Mask
Hiroshi Nakasumva, Akirva Ixkepa and Hirokazu T ANABE

Synopsis

: Surface characteristics of invar alloy for shadow mask in color picture tube were investigated by changing annealing

conditions after cold rolling-such as soaking temperature and atmospheric gas composition. Results obtained are as

follows :

1) Invar tends to show grain boundary oxidation by small amount of H,O in the annealing atmosphere.
2) Grain boundary oxidation is due to Si, Mn, and Cr which are commonly contained in invar and more active than

main components (Fe and Ni).

3) However, behavior of each impurity depends upon annealing conditions. In case of less oxidizing annealing
atmosphere, grain boundary oxide is mainly composed of mangano-silicate. On the other hand, mangano-chromic
precipitates at grain boundaries are observed in more oxidizing conditions.

4) Higher silicon content leads to severer grain boundary oxide precipitation.
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F i‘g. 1. Examples of normal and abnormal shapes of
the hole of photo etched invar.
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Table 1. Chemical compositions of specimens used
for annealing tests (mass%).

- C Si {Mn| P S N Al | Ni | Cr

AInvar|0.0030]0.039/0.282|0.002]0.001|0.0023(0.004|36.24|0.069
B.Invar|0.0015|0.08 |0.319/0.008/0.002|0.0014|0.004/36.28/0.060
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Table 2. Annealing conditions of the specimens.

_Gas

Gz 100%H, 5.5%H,—94.5%N,
D.P.

—20°C|—10°C| +20°C| —20°C| —10°C| +20°C

800°C—60min O O O O O O
900°C —60min O O O O O O
1000°C—60min O O O O O O
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Fig. 2. Annealing cycle of the specimens.
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Fig. 3. Cross section close to the surface layer of
the specimens after annealing.
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Fig. 4. Distribution of elements of specimen B from
surface to thickness direction analysed by
GDS after annealing in HNX gas.
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Fig. 6. Electron micrographs of the surface layer of
the specimen B annealed in HNX gas at 900
°C X 60min.
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Fig. 5. Relationship among annealing temperatures,
Pu./Pu.o in the atmosphere, and peak height
index of the impurities showing degree of
segregation of each element to the surface

~ layer. Relationship between dew point and
Pu./Puso is as follows :
In HNX log (Pu./Pun.0)0.4=D.P.+20°C
log (Pu./Pu.0)1.3=D.P.—10°C

= log (Pu./Pu.0)1.6=D.P.—20°C

log (Ps./Pus0)1.6=D.P.+20°C
log (Pu,/Pu.0)2.5=D.P.—10°C
log (Pu,/Pus0)2.9=D.P.—20°C
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D) Specimen B annealed at 1000°C in HNX gas with D.P. +20°C

(F2 55 420°C OHNX A 2 H177900°C X 60mintseéhi L 72 bk
B) #7777, PO HEHE L Fig. 6 ADOBA L4 bR
CEL O HBBEI NS, Ik LFig 6 BOBALR
RIRAT L & b 22 DRAREYPBEI NS,
s DI #EPMALC TRIE L 12 #ER % Fig. 7 (7R
To W LB (Fig. 7A) A NMOEEBRT Pu/ Puod™H b5
CEER —20°COH, A A 1 T1000°C X 60minfstsh L 72 &UBLEA
(TXbLFig 3 TERBBILDIZLAL AL R GEED)
DV TRT . AR RERNICSIORATHBEE S 15 570,
Mn, Cre FRRIE LA PRI NMTEBOBIFED S -HH’
RANTW 3, Fig. 7BidFig. 7TADEMBD 5 LEHED A
—10°Ciz L e ABADEE # 7R 7. O, Si, Mn»ThifRic
AL T 23 ECrofrHiziztA YA LN, Fig 7
CRER—10°COHNXA A HT1000°C X 60min/Fest L 723
BBORIZERRE %R T, O, Mn, CrORSHTH»EEETH
2SI b LI 3 e v, Fig 7DitFig. 7 CD4%
HD 5 bERDA+20°Ciz EUTeREIBOERE #7RT., Lid
IR LELR VKRBEEYOTEDbNS L L H IS, Mn¥
EHEL T AEBPRFERIN T R AN,
FRCrdMmIB a3 2°Fig. TCI E5R { It u,

81

Fig. 7. EPMA images identifying impurities of the
surface layer.
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