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Strengthening of Steel by Spray-Dispersion of Fine Oxide Particles

Masayoshi Hasecawa and Kazukiko TAKESHITA

Synopsis:

A new technique has been developed to make dispersion strengthened steels, i. e., oxide particles are
sprayed into steel streamns.The mechanical properties of the steel with dispersed aluminum oxide or zir-

conium oxide has been studied.

The main results obtained are summarized as follows:
(1) For fine dispersed aluminium oxide or zirconium oxide of less than 1200 A in particle size, the hardness
of the steel increases with their volume fraction, but little change occurs in the hardness of the steel for the

osides of 1 700 to 2 600 A in particle size.

(2) Both of the 0.2 pct. proof stress and tensile strength increase with a volume fraction for fine dispersed

oxides of less than 1 200 A in particle size.

(3) The increment of the 0.2 pct. proof stress is proportional to the reciprocal of the planar interparticle
spacing in this case, and this fact supports Orowan’s by passing mechanism. The work hardening behabior
of this steel can be explained by the theory of Fisher—Hert—Pry or Ashby.

(4) Anincrease in transition temperature (Tr E) and a decrease in maximum absorbed energy are observed
as a volume fraction of particles increases. By the observation of the fracture surface, it is obvious that the
existence of finer particles has little effect on ductile fracture surface.

(5) From these results, it is found that the steels are strengthened by spray—dispersion of oxides of below

2 volume pct..
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Table 1. Chemical composition of specimens used and mean particle diameter and volume

fraction of oxide particles in them.

Specimen Nb content Mean diameter | Planar interparticle | Volume fraction Oxide
No. (at %) (A) spacing (g) (%)

A 0.50 1930 — 0~0.74 Al O,
B 0.50 1080 0.57~1.04 0~0.60 Al Oy
C 0.50 990 0.51~1.15 0~0.65 Al O,
D 0 2 600 — 0~2.04 ZrO,
E 0.09 1700 — 0~1.38 ZrO,
F 0.25 1150 — 0~1.40 ZrO,
G 0.50 800 0.62~1.31 0~1.15 ZrO,

C :0.002~0.005%, Si:0.04~0.06%, Mn :0.08~0.09%
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Fig. 1. Relation between mean diameter of zirc-
onium oxide particles and niobium content
in matrix steel.
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Photo. 1. Effect of niobium content of matrix steel on the distribution of zirconium
oxide particles (P : mean particle diameter).
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Fig. 2. Distribution of oxide particles in mairix
steel. (a) zircomium oxide, (b) aluminium
oxide.
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TFig. 3. Relation between volume fraction of zir-
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Fig. 4. Effect of mean diameter () and volume
fraction of aluminium oxide particles on
hardness.
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Fig. 5. Effect of mean diameter () and volume
fraction of zirconium oxide particles on
hardness.
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Fig. 6. Effect of volume fraction of aluminium
oxide particles (mean diameter : 990A)
_on tensile properties.
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Fig. 7. Effect of volume fraction of aluminium
oxide particles (mean diameter : 1 080A)
on tensile properties.
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Fig. 8. Effect of volume fraction of zirconium

oxide particles (mean diameter : BOOA)
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properties.
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Photo. 2. Two examples of oxide particles morphology in matrix steel (P : mean
particle diameter, f: volume fraction).
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Fig. 12. Effect of particles on Charpy transition
curves of matrix steel. (a) aluminium
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Photo. 3. Fractograph of non-dispersed steel
' (impact tested at 64°C).

— 102 —



-

vi

o

WA OEHE S EIC X 28 0MEb 301

Photo. 4. Tractographs of zirconium oxide particle dispersed steel (mean diameter : BOOA,"

volume fraction : 1.15%,, impact tested at 120°C).
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