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Uranium Addition to Medium Carbon Steels. .
(Influence of uranium additioﬁ on iron and steel—II)

Masayoshi HasecawA and Ichiro ONODA

Synopsis:

In the previous paper, the authors made a study of the influence of uranium add1t10n on
low carbon steels, and also suggested: (a) non-metallic inclusions like sulfides and silicates

decrease morphologically and also the oxide increases with the addition of uranium; (b) ura-
nium has a solubility in austenite. at higher temperature of above 950°C, and precipitates
during tempering at temperature of about 500°C; -(¢) uranium- slightly increases the hardena-
bility of low carbon steels quenched at temperature of above 950°C; and (d) corrosion resistance
.of steel against 5% hydrochloric acid is improved with the increasing content of uranium.

In the present paper, the authors reported on some laboratory tests concerning the inflen-

e of uranium addition up to 0°7% on 0°3~0°4% carbon steels. The results of experiment

‘had been shown as follows: ,
(1) As far as these small ingots were concerned no scavenging effect of uranium could
be found, but sulfide inclusions decreased, and oxides increased with the addition of uranium.
(2) TUranium refined the austenitic grain sizé insignificantly as shown in previous works.
(3) Gravitational segregation occurring in a slowly cooled ingot in a melting furnace was
revealed through chemical analysis, autoradiograph, 8, 7- ray countmg and sulfur-print of ‘the

Jongitudinal section. :
(4) As-normalized hardness showed an increase through the formation of uranium carbi-

des resulting from uranium addition. , -
(5) Transformation temperature of steels was not changed by the add1t10n of uranium

according to thermal analysis. ,

(6) Microscopic exermination showed that uranium scavenged the impurities of ‘grain
boundary, and the figure of pearlite was changed thereby with a loss of uniformiy. Uranium
carbides, UC or UC,, 1ncreased with the content of uranium and precipitated at the austenite

grain boundaries.
(7) Uranium had no effect on the hardenability of these steels even at the quenchmg

temperature of 1200°C.
(8) No secondary hardening effect- was. caused even at the quenching temperature of
1200°C and subsequent tempering. From these experiments, it is suggested that uranium

carbides were not decomposed and were extremely insoluble to the austenite matrix at higher

temperature.
(9) The effect of uranium on the mechanical properties at room temperature was almost

negligible, but V-notch Charpy impact strength was reduced with the content of uranium.
(10) The effect of uranium on the corrosion resistance against 5% hydrochloric acid was
noticeable, but uranium steel suffered a severe pitting in 5% sulfuric acid. Against 39 nitric

acid and 3% sodium chloride aqueous solution, it showed no resistance.
(Received 10 June 1963)
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Table 1. Chemical composition of steel melted.

Steel No. | = C9% Si% Mn% A Remarks
ot 036 0°03 027 Nil P:0°011%, S:0°010%
2 033 006 041 026
3 038 008 050 0°47
04 034 005 Nil
5 037 0°14 0°53 0°06%*

6 0°37 007 044 - 016
7 0°32 0°01 049 0° 30%*
8 0°30 0°14 0°52 0" 45%k
9 030 0°20 0°52 0°63%%
010 . 0°40 0°44 0°46 Nil
i1 040 0°46 0°50 018
12 0°40 0-48 047 016 )
13 0° 40 0~ 4g** 0~ 47%% 028 }SPI“ cast
014 0+40 0°46 050 Nil )
15 0+ 40%* 0+ 46%* 0° 50 0°22 }Sphi cast

* Total uranium %, Courtesy of Mitsubishi Metal Mining Co. Ltd.

**  Expected value.
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Grain size number(Jis spec.No,)
T
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SteelNo. 07 2 3 04 5 6. 7 8 9 001 1273 045
€% 036 033 038 032 037 037 0352 030 030 040 040 040 049 09 040
CU% Nil 026 047 N1 006 0162 030 045 063 Nil 018 016 028 Nil 022

Fig. 1.

Austenitic'grain size of carburized steel
(925°C/6 hr)
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Fig. 2. Results of non-metallic inél"usion
counting.
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Photo. 1. (a)~(b) As-polished microstructure
showing the increase of oxide inclusions
with the addition of uranium. X42 (1/2)
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Photo. 2. Analytical results of uranium and
sulfur-print of slowly cooled ingot in a
melting furnace showing the gravita-
tional segregation of wuranium-bearing
inclusions. x1 (1/4)
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Fig. 4. Results of 8 and y-ray counting by a

Geiger-Miiller counter on the transverse
slit' of longitudinal section showing the
gravitational segregation of uranium and.
its decay products. Dotted line denotes'the
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’ .Photo 4. (a)~(c) Microstructures showmg the effect of
uramum on the scavenging of grain boundary and
. uranium carbides existing in O° 479,U steel.

‘ (by’ 5% Nital‘ solution) X280 (2/5)

"a) Steel No. 2

Photo. 5.

b) Steel No. 3 c) Steel No. 3 '

Microstructures showing the uranium carbides

mainly at austenitic grain boundaries (a)(b) which
had no relation with pearlite (c); (a) (b) Murakami’s
reagent X400, (c) Murakami’s reagent and 2°5%

Nital.

(5) @ékikuﬁkkim?%g
skib s N OVEEERE ORI B HIE L f\%ﬂ‘%%Table 2
-~ Table 2. Hardness of the steel tested in as-
forged and as-normalized conditions.
Steel Rockwell B number
N U%
0. As-forged| As-normalized
or "Nil 75*5 o 70°5
2 0726 749 ?ii;fé: 726
3 0°47 766 | DTV 7306
04 N.ll 79:9 200°C / 80:6
5 006 - 81°9 30min 81°7
6 0°16 80°3 .AC 83°1
. 7 0°30 81°5 e 84°9
010 - Nil 88°0 891
11 0*18 896 850°C/ 92°1
12 016 97°2 1 hr 91°8
13 - 0°-28 ! 94°6 A.C. 942
014 i Nil 93°9 91°5
15 | o022 95+7 92°7
Table 3 Transformatwn points of steel tested
by thermal analysis.
. ) [ - . R "ob
Steel —_— Transformation points (°C)
No. Acy [ Acs }{ Ar; { Ar;
o0 | Nil 725 | 799 | 746 671
11 018 724 785 732 670
13 028 732 792 742 . 676
Heating rate: 3°5°C/min.
Cooling rate:.2°5°C/min.
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Rate of Solution of Cr—Steel’ in Liquid Aluminium Alloy.

Synops1s

Susumu MiNowa and Mineo KOSAKA

From the standpoint of rate theory, the rate of solution of Cr steel in l1qu1d aluminium

alloy was measured at 750~950°C
The results obtained were as follows:

1) The rate of solution of Cr-steel in liquid pure aluminium was 3°69~19°4X 1076 [cm/s]
and in aluminium alloy (Fe 3%, Si 3*1%) was 1[°81~17°0X107% [cm/s].
2) The value of activation energy for solution (Ey) is equal to the sum of the value of

activation’ energy for diffusion of iron in liquid metal (Ep), heat of solution
activation energy for viscosity of liquid metal (£y).

(Es) and the

Values of- Ey are equal to 30°1 and 32:4 [kcal/ mol], respectively.
~ 3) The controlhng step of Cr-steel at solution process in liquid aluminium is the rate of

diffusion of ‘Fe atom in the diffusion layer.
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