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Uranium Addition to Low Carbon Steels.
(Influence of wranium addition on iron and steel—I)
- Masayoshi HASEG;AW‘:A and Ichiro ONoDA

Synops1s.

The depleted uranium as a by- product of the enriched ' uranium manufacturmg has been.
accumulated enormously in these several years, since it is unfit for nuclear uses. For the-
purpose of utilization of' depleted uranium for non-nuclear uses, a large  number of studies.
concerning the effect of uranium’ add1t1on on iron and steel have been made m the United
States and Canada. ‘

Here, in Japan, in 1961, “The Special Committee for the Study of Uranium Steels”, has:
been organized in “The Japan Society for the Promotion of Science”’ so that industrial and.

research fields may share studies systematically from the basic researches to the practical .

apphcat1ons _ :
In this paper, a laboratory study to reveal the principal effects of uranium addition to steel.

as an alloying element has been carried out. The aluminum-killed low carbon steels (<0°25»
2, C) are chosen as the object of .study on addition of small amount of uranium (<<0°795U)..
The results are as follows:

(1) Recoveries of uranium from steels are 40 to 65% and related, 1n general, with the:

carbon contents as shown in Fig. 1.

“(2) Non-metallic inclusions like sulfides and silicates decreased morphologlcally with.
uranium- addition, but oxide inclusions increased remarkably.

(3) .Uranium refined the austenitic grain size of steels slightly. .

(4) As-normalized hardness suffered a little effect of uranium addition at a 0°06%C level.
but above a 0°169,C level the effect increased with the content of uranium.

(5) After water-quenching from a solution temperature ranging 950°C to 1250°C in 0°06-
2,C steels, secondary hardening occurred under the tempering up to 600°C. Microscopic exa—
mination showed that uranium caused pseudo- -martensitic structure, and it also suggested.
that uranium had a solubility to austenite matrix to some extent.

(6) After water-quenching from a ferrite - ‘region ranging 750 to 800°C, no ageing occurred

at room temperature and at 150°C It was suggested that uranium had not the slightest solubi-- -

lity to ferrite matrix.
. (7) ‘1t appeared from the end ~quench . tests that the hardenability of steel d1d not rise-

: Wlth uranium addition from a quenching temperature of up to 900°C, but -above 950°C, jura--

nium raised the hardenability of steels. So in low carbon steels, uranium formed the.inter--

metallic compound Fe,U. And it is considered that Fe;U decomposed above 950°C, uranium.
had a solubility to- austenite and had its hardenability improved, as mentioned above.

(8) Mechanical properties at room temperature were not affected by uranium addition,,
but impact strength decreased with the content of uranium.

(9) Transformation points of steels rose with uranium addition because of the stabiliza—-

tion of carbon from austenite matrix. « .
(10) " Uranium did not affect the work-hardening effect and since uranium fixed the inter—
stitial atom like carbon and nitrogen, straln -ageing did not occur in s:hcon killed uramuma

steel.
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(11) Corrosion resistance against 5% hydrochloric ‘acid improved with an addition of
aranium as shown in Canada’s report but in 5% sulfuric acid severe pitting occurred, and

in 39% nitric acid no beneficial effect was observed.
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Table 1. . Chemical composition of specimen.

(%)
S}c\?gl C|S |Mn| U* Remarks
AO01 | 0°06] 0°06| 0°29| Nil | P:0°010% S :0°012%
A 2| 0°06] 0°17] 0*26] 012 '
A 3| 0°06] 0°18| 0°34] 0°23
A 41007 : 0°34{Hot short
AO05 | 0°06] 0°12| 0°30; Nil
A 6| 0°06] 0°11] 0°30] 0O°10
Bo1 | 0°18| 0°04{ 0*30] Nil | P:0°018% S:0°017%-
B 2| 0°16| 0°08] 0°27|0*07
B 3| 0°17/ 0°08] 0°36/0°21
"B 4| 0°17) 0°11} 0°31|0°37
Bos | 0°17) 022 0+78| Nil
. B 6] 0°16] 0°21] 0°62|0°096
B 7| 0°19] 026} 0°32/0°336; .
B 8| 0°16] 0°26] 0°43j0°368!
CO1 | 0°23| 0°08] 0°36| Nil | P:0°017¢2;, S:0°018%,
C 2| 025 0°12| 0°31| 0°51 .
C 3| 0°20] 0*15]| 0°39| 0°73] Weak hot short
Co4 | 0°21) 0°20| 0°34| Nil .
C 5 ) 0°20| 0°21} 0*30} 0°29

¥ Total uranium 9%; Courtesy of Mitsubishi
Metal Mining Co. ‘Ltd. ,
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Fig. 1. Relation between uranium recoveries
) in ingots and carbon. contents.
Numbers in the figure indicated
the number of steels.
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— 40 —

W3 Eh




EREMCET 2T O&RM : o - 1791

Sulf (de.
A silicate.

: : EF Alymina
020 — 8 Oxcdes. -

a1o

Nornmetallic inclusion counting (%)

0 .
Steel ro. c2 c2
;om.‘con middle bottom

forged bar ) o
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 Hardness of the steels tested as-forged

Table 2.
and as—normalizved_.b
i 1 , Hardness (HrB)
ol | C% | U%
As-forged | As-nomalized

Aot 006 | nil - - 604 563
A2 006 |.0°12 613 481 .
A 3 OfOé 0°23 65°3 » 514 .
BOl | 0°18 | nil " 71°5 65°1

B 2 0*16 | 0°07 72°0 676

B 4 0*17 | 0°37 - 73*4 71°3

Co1 0°23 | nil 737 : 747

C 2 0°25 | 0*51 784 80°0

C 3 0°20 | 073 80°2 76°9
Table 3. Transformation points of steel of 0°06
) 2,C level by thermal analysis.

Transformation

Steel C U » points (°C)

No. (%) (%) Ac; | Acs | Ars | Ary

AO01 0°06 nil 727 845 824 1 710
- A2 006 0*12 740 874 850 710

AO05 0°06 nil 715 870 3808 700

A 6 0°06 010 730 842 870 730
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Photo. 1. Microstructure of 0°079,C, 0°34¢9,U
steel showed many cubic inclusions
considered. U(C, N). (2*59 Nital
‘etch‘ed) steel No. A4. X280 (3/5)

Photo. 2. Microstructure of 0°079C, 0°349,U
-steel showed segregation of uranium
inclusion considered UO; and grain
boundary precipitates considered

Fe U. (as polished) steel No. A4.
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Heat treatment Steel No. A05 U Nil
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" Photo. 5. Microstructures resulting from sblutlon
treatment showed the pseudo-marten-
- gitic structure in uranium steels. (1/2)
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On the Heat-treatment of a Low Ni—Cr—Mo—'V—B High Tensile Alloy Steel.

Synopsis;

Genjiro MiMA and Toshimi Y AMANE

An 80kg /mm? high tensile steel with a low carbon equivalent value and difficult to harden
by quenching was tempered after water-quenching or transformed isothermally -and the
mechanical properties and the internal friction were measured. The internal friction at,roorn\ ’
temperature was calculated from the ‘time during which the strain amplitude of the sample
set free after being subjected to a transversal resonance vibration by' the electromagnetic

method decreased to 1/n of the initial value.
The experimental results are as follows:

(1) The sample quenched in water has a low strain amplitude—dependé‘nt internal fri-

ction and shows a low quenchability."

(2) The strain amplitude-independent inte

rnal friction of the specimen quenchéd» in water

from 900°C decreases remarkably by tempering in the temperature range from 20°C to 200°C,
shows litte change in the range from 300°C to 500°C, and increases in the range from 550°C
to 700°C. These changes correspond to the changes in the Charpy impact value. The three
stages in the variation of internal friction are interpreted respectively as due to the precipi-
tation of carbides from martensite, the decomposition of ‘martensite and the formation of

carbides. o

(3) The transition temperature rise by tempering in the temperature range between
300°C and 500°C, reaches a minimum aftér tempering at 700°C. The. transition temperature
‘is influenced by the form and distribution of carbides.

(4) The sample transformed isothermally has a strain amplitude-dependent internal

friction.

(Received 10 Apr. 1963)
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