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Oxide Dispersion Strengthened Nickel and Nichrome by Means

of the Spray-dispersion Method

Masayoshi HASEGAWA, Kazuhide TARAHASHI, and Satoru WATANABE

Synopsis:

WO;, ALOs, ZrO,, Y,0; or ThO,-dispersed nickel and nichrome were produced by the “Spray-

Dispersion Method”, and their mechanical properties were studied.

summarized as follows:

The main results obtained are

1) The addition of 1.6 pct. niobium as a “controlling clement” was effective in lowering the oxide
particle size in nickel. The mean diameter of ThO, particles in nichel containing 1.6pct. niobium

reached to about 60 nm.

2) 20 pct. of chromium in nickel also decreased the oxide particle size, and the addition of 0.8 pct.

niobium in nickel-20 pct.

chromium alloy decreased the mean diameter of Al,O, particles to 79 nm.

3) Tensile strengths at room temperature of oxide spray-dispersed nickels increased with the volume

fraction of oxide particles and their increments were maintained even at 1073 K.

In the case of oxide

spray-dispersed nichromes, their incroments of tensile strength at room temperature were small, but

those were multiplied at higher temperature.

4) The fine oxide particles contributed to an increase of creep rupture strength, and this tendency

became more pronounced toward longer time.
ThO, spray-dispersed nickel and 3.8 vol pct.
Mpa and 19 Mpa, respectively.

1273K-1000h creep rupture strength of 2vol pct.
Al,O, spray-dispersed nichrome, for instance, were 47

5) The oxidation resistance at high temperature of oxide spray-dispersed nickel and nichrome was

improved as compared with non-dispersed ones.

From these results, the oxide dispersion strengthened nickel-base heat-resisting alloy has been able to

produce by the *“Spray-Dispersion Method™.

1. 4 =

RO DPEBIESETTE LTHKREBESHTFEL LY
BEINTWHEDTHD, BREC ISR L
Tefinyinasotc. TOEMZ, BLYR T 25—
DRI ED LB HUBEOBEIEHETH LD THD
o, EELRIAED “SHEIETE” »HiERiEm
L, Bt FrBRESBERLITTH L, 1
BALR T ORI T EEEAC X padiRine 52 &
X b o hEATRER L.

OB EEIE &0 L\ Bl Th B TEE S
¥:” (Spray-Dispersion Method, B4 LT SD ) % f

ADRECDWTIEB LIck T 5, kDX 5 inBED 55
RBBOHRT VB, Tiohb, BIWHT LARESRE L
DEFENEZHE L, BIWRTF OB—BA xRS
HOBEIHTR E LT, B4 REmosEy. Nb,
Al, Ti, V e ERBRTH DY, BEMC B TITFS
BT 70nm BEOEBALYRT OB—HMS #1155
NIV FieZ OIS EEROMN s U5 ER R
1, SHEBCHOGTEOEME LI LR LY. ]
Hic 18Cr-8Ni x5 v L A8k L U 25 Cr-20Ni & 5
YUARIC A SEEY AL 25, FHETRE
130nm BEOHMH>HAIE Sh, JEHEM L~
in, SEsIEEES IO ) — 7S E LS mE

B0 56 £ 5 H 25 H-Z{+ (Received May 25, 1981)
¥ BREKRZEEI¥E T8 (School of Science and Engineering, Waseda University)
¥ BIEAY¥ K¥Mk (R : HE$EZ (#)) (Graduate School, Waseda University, Now Nippon Kokan

K. K.)

*¥ BREX¥KX¥RE (Graduate School, Waseda University)

— 130 —



}

BB EC X ABILYSESEb= o ¥ VB I T =272 4

1025

L7cd9. &7 ¥ — ZHi o A Bk SR R R
T, X hEZETHoN. ¥ RBREHLUIMNCHRILY R
¥ e LTER L E 25, REFPCE W TEERT
% 56nm BE QMBS bh, T OB
B b5 Ehbh D,

D X5 SRR o TR LS oGS
BEETHDZ &, B IUDEHGEILESRKDOFHEL DA
T, &SRB BA~DICHA IFIhD. FHE,
=y F AR I =y L7 v aES~NESHHEEERIGH
L, AHEC I >THIEY I BHREEPHETED T
EERHOEMCLEISETHEDTHY, B3
MR B0, iR - SiR5IRNYE, B
7Y — TN X OTE b oW TRE L.

2. R B A &

ERBEEMFE A RAVTRRP Ty r AR LT =y 7
L 7 r ASSEERL, SRCHALRPOBMERE
WCIE 7 = v A & & & B L R & BTN L
fo. SEEIETE L LTEROMGE T, BllsHER)
Bk Xhot Nb o Lic. BEWHR & LT’
ALO,, ZrO, WO, Y,0; 35X ThO, % #ER L7
7%, Ch Bk Blaine HEic X 2FERTFEONERS
B3 Table 1 WiRTERDTHD. AE&POEILHD
SBOREELY, WSS B IS S R IOTE
BTHrs bW ISEE L. TOXS5CLTHEDLR
#- 2kg OEBIE, 1273K T5h BH—iLE LODD,

Table 1. Average particle size of oxides before
spraying determined by Blaine’s Method.

xide powder Mean diameter (z)

Al,O3 11
WO3; 10
ZrQ, 9
ThO, 15
Y,0; 10
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Fig. 1. Effect of niobium content on the distribution
of WO, particle diameter in nickel.

Table 2. Chemical composition of specimens and mean diameter D, volume fraction f and planar

interparticle spacing A of oxide particles.

Chemical composition (wt%)

Oxide particle distribution

Specimen

¢ Si Mn Nb Cr Ni B (om)  F(%) 2 ()
WO, SD Ni 0.03 0.06 0.11 1.57 - Fal. 62 1.9 0.34
7rO, SD Ni 0.03 0.06 0.10 1.62 — # 64 1.36 0.38
Al,O3 SD Ni 0.02 0.06 0.10 1.59 — # 72 1.10 0.50
ThO, SD Ni  (a) 0.03 0.06 0.11 1.62 — ” 58 0.70 0.52
(b) 0.02 0.06 0.11 1.54 — ” 60 2.03 0.29
(¢) 0.03 0.06 0.13 1.62 — ” 61 5.10 0.20
Non-SD Ni 0.03 0.08 0.14 1.62 — ” — o =
WO; SD NiCr 0.22 0. 54 0.62 0.78 21.38 Bal 76 2.50 0.35
Al,03 SD NiCr 0.19 0.51 0.53 0.75 21.40 ” 79 3.80 0.29
Y,03; SD NiCr 0.24 0.54 0.54 0.77 21.55 ” 119 2.80 0.51
ThO; SD NiCr 0.18 0.52 0.52 1.07 21.45 " 92 3.90 0.34
Non-SD NiCr 0.18 0.51 0.52 0.75 21.90 ” = = =
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a) WO; SD Ni, b) ZrO; SD Ni, ¢) Al,0; SD Ni, d)} ThO, SD Ni (c)
Photo. 1. Electron micrographs of oxide dispersed nickels produced by the Spray-Dispersion Method.
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Fig. 2. Effect of chromium content on the distribu-
tion of WO, particle diameter in nichrome. (Nb:
free)
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Fig. 3. Effect of chromium content on interfacial
energy between Al O, and nichrome matrix. (after
Armstrong et al.)
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Fig. 4. Effect of niobium content on the distribu-
tion of WO, particle diameter in nickel-20%]
chromium alloy.
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a) WO3 SD NiCr, b) Al,O3 SD NiCr, c) Y;05 SD NiCr, d) ThO, SD NiCr
Photo. 2. Electron micrographs of oxide dispersed nichromes produced by the Spray-Dispersion Method.
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Fig. 5. Tensile properties of oxide spray-dispersed
nickels and nichromes at room temperature.
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Fig. 6. Effect of testing temperature on tensile
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Fig. 7. Result of creep rupture test of ThO,
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nichrome at 1173 K.
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Fig. 8. Result of creep rupture test of ThO, spray-
dispersed nickel and AlLO; spray-dispersed nich-
rome at 1273 K.
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nichrome and other conventional nickel-base heat-
resisting alloys.
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