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Report No. 316/25
Watertown Arsenal June 7, 1935

Low Chromium 46 Steels

Cblect
To study the progerties of gsemi-corrosion

resisting steels containing Y4 to 6% chromium,

ak)

Conclusions

Low chromium %6 steels of correct anrlysis
regpond satisfactorily to heat treatment. When
exposed to the atmosphere or to salt sprry, rust |
appears equally as fest on low chromium 46 steels
as on ordinary steels.

The alloy possesses moderate properties and
excellent ductility and impsact resistance. Its
corrosion resistance is not such as to recommend

1t feor ordnence purposes.

Introduction

The 01l industry is using considerable quantities

of K% Cr steels becouse of their resistance to sulphide

corrocion and high temperature oxidation.
The value of this material to ordnance was

studied and the results are given in this report.
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Material

The Allegheny Steel Company, Brackenridge, Pa.,
supplied this Arcenal with stesl of the following
analysis:

Analysis of Test Material Supnlied by Allbgheny Stpel
Comneny, 46 steel, Marked 56A3, Report No. 316/44

Elemant %
C . 085
Mn U6
Si . 330
S) . 020
P o1l
Ni 12
Cr .

Cu .
Al .62

Heat Treatment

The material was heat treated as follovs:

Plece 4
Heated to £15°C, 2 hrs., furnace cooled
" " g70°C, 2 " oil quenched
" W o7000C, 2 air cooled.
Piecce B
heateu to €15°C, 2 hrs., furnsce cooled
" g70eC, 2 " 01l guenched
" n Logeg, 2 air cooled.
-Da




Phycical Propertic

The prorertiee ohserved are:

g70°C 0.7, g7CeC C.12.
Heat Treatment 120°C A.C. 490°C A.C.
Srecimen Number AT A2T A2L EL1 BL2
Direction Trongverce Long. Lonzitudinal
®. L. 100C ».s.1. 4.2 22,5 25,0 56.0 540 !

Johnson's T.L.1070 psi 4k.1 43.5 38.0 53.0 66.0

T.S. 1000 p.s.i. 71.5 71.5 71.6 112.8 112.0
Eloneation & 9.0 35.2 38.0 24,0 24,0
Rec. of Arsa % 73.1 74,0 79.0 64.8 62.4
Break outer - mic¢dle third -~
third
Test Smec.Gir. in. .15 .15 .252 .252  .252
BHEN 134 209
150R¢ 4 17
Sa. Chorpy I't. Lbs. [1L 60.2
£2L nG.7
Machinability

I the ecoftened condition daifficulty was encountered
in threanding. The gtock vas *tough but otherviise osg

inachinnable,

Corrosion Resiatance

™o behevior of this material vhen exvosed to
the atmoephare end tc snlt sarey 'as observad and

compered 'mith mild steel. No benefit rag detectad
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by addin:, 5.55% Cr to steel to retard either the
initial period for rusting to be observed or the

inltial corrosion which occurred.

Digcussion

The low chromium 45 steels are commercially
available in various jzrades, vig:
Chromium W4 - 6 %

Carbon .21 to .25%: .16 to .20%: .11 tc .157:
.10% max.

Colybdenum %0 tc .560%: .61 to 1.07>: 1.01 to 2.0%

Silicon 1. to 2.%
Titonium B to W7k
Tungsten .75 to 1.25%

The other g¢omn~h: elemente are nominal, for instence;
in 0.5 max; P C.O4 mx; S 0.04 mx; Si 0.50 mx unless
special.

The physical nrorerties of such steels are given
on the accompanyin: tables. A vwide ranj e in properties
ore available. This Arsencl hns been suprlied with
castings of thie type analysis for pintle stock.

The addlition of more than 2 - 3% Cr reduces the
corrosion rate of steel in aerated water, HC1, HpS0y,
3aCl, NaCl + EoS, vhen corroded over lon, periods of
time. The resistance to oxidation 1s also increased
To enhance the corrosion resistance to scild medila,
the addition of 0.5 to 1.0 Qu 1s edvocated. To

enhence the corrosion resistance to oxidation at high
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temperstures, the addition of 2.5 to 1.0% Al is
advocated. The addition of 0.5% Mo or of 1.0% ™
Increases the strengtic at high temperaturesand also
tends to raise the corrosion resistance. Adding five
to elght times as much Titanium as there 1s carbon
causes the steel to lose its air hardening properties
s0 that tensile strength c¢f only 60,000 to 65,000
p.s.1l. are obtainable. However, the high temperature
strength 1s not impeired. The tying up of carbon in
the form of TiC relieves that much more Cr for enhenc-
ing corrosion resistance such &s resistance to high
temperature oxldation. The alloy finds 1its usefulness
in commerce for its high temperature prorerties and
resistance to oxidation and resistance to crude oils
at high temreratures.

For ordnsnce material the Ordnsnce Department
is interested in ferrous materials ~“hich have low
initial rates of corrosion rather than low rates of
corrosion over long reriods of time. The fact that
the 5% Cr stecle rusted as guickly as rlain steels
in the atmogphere or egalt spray would indicate that

this material is not of intercst from the corrosion

point of view.

Respectfully submitted,

TN gt .
- Lo

P. R. Kosting T
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Physical Properties of Low Chromium 46 Steels
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