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_This application is a division of my applica-  from steel alloys which contain at least one of

tion §erial Number 713,925, filed March 3, 1934. the elements of group V. of the periodic table

This invention relates to the manufacture from which form carbides in the steel, viz. vanadium,
steel alloys of articles which in their normal use columbium and tantalum. n the case of a steel

g are subjected to the attack of hydrogen at high ‘alloy in which the element. of group V. which 5
hydrogen partial Dressures and high tempera-  forms carbides in the steel is vanadium according
tures. The invention is particularly applicable to the invention, the vanadium content amounts
to the manufacture of apparatus and parts there- to more than 0.3%.

qf Which_are used in the destructive hydrogena- Test bars of a cross section of 10 X 10 mm.
10 tion .of oil anq coal,. or in the synthesis of am- made from steels of the following composition 10
monia, and with which hydrogen or mixtures of 0.09% C, 0.39% $i, 0.48% Mn, 0.82% 7V,

gases containing hydrogen come into contact at 8.(1)8:}7; 8 g.gg? :‘ 8%? I\I&g %‘%%3" Xi)

high temperatures and pressures. . 0‘.09,,;; c 0:25%‘; slii 0‘_48.% Mu, 1'.709‘{) Ty

‘ It has already been proposed to manufacture
16 the parts exposed to pressure, of appa.ratus‘ used
in operating with hydrogen and gas mixtures con-
taining hydrogen under pressure and at elevated
temperatures; from alloyed steels which contain
chromium, tungsten, molybdenum or vanadium

.after having been exposed in 2 high pressure js
tube during 100 hours to the attack of hydrogen
under pressure of 300 at and at & temperature
of 600° C., showed no loss of carbon that could
be detected analytically or metallographically.
In contrast thereto steels of the compositions

20 imd if desired nickel. Tests made with steel al- - 20
oys containing vanadium, however, showed only 0.10% C, 0.38% Si, 0.51% Mn, 1.96% Cr,
a.lvery slight increase of the resistance of the 8;18,3:’, 8’ 8‘_3% 2} 855)32//?, 1\1\,4[[3’ %Zgg% X&VE)
2 ) ) O. ,
fol? g;ﬁ;g? cztl’lt:' :ilr{xigfg %};dsx;;:)ggnb 23075'5;?1 oaig’%’ when treated in the same manner were seriously
o D o amd 0,30 V has lost its carbon 0 attacked already after 10 hours and had losh the g
a depth of 3.8 mm when subjected to the action carbon n_early completely a.fter 100 hours.
of hydrogen for 59 hours at a temperature of 600° A particularly favorable influence of the vana~
C. and a pressure of 300 at., whilst for example dium is to he observed, if the vapadlum content
o steel containing 0.23% C, 0.26% Si, 0.50% M, amotints at least about to four times the carbon
30 1.97% Cr and 0.44% Mo under equal conditions content, s that a determined quantity of carbon 4,
after 300 hours showed a depth of carbon re- is bound as vanadium carbide. The maXimur
moval of 2.1 mm only. The influence of the V- resistance to the attack of the Bases above-
content on the resistance of the steel to carbon mentioned is obtained, if the ¥ content amounts
removing gases thus was only small, at any rate to at least about 5.6 tlm'es the C content, so t'ha.t
55 smaller than that of the molybdenum. Y Thag  the whole of the carbon is bound to the vanadium 55

been found, however, that vanadium imparts to as ViCs. . .
the steel a very high resistance to the attack of The carbon content of the alloys used accord-

carbon removing gases, if added to the steel in  ing to the invention preferably does not exceed

higher percentages than it is usual for improving 1% The vanadium content preferably amounts
40 mechanical properties. of the steel. For, if so o not over about 5%, but must bt_e higher than 44

" much vanadium is added to the steels, that the 0:3%. Also the content of columbium or tanta-

_ vanadium content amounts to at least four times u may amount to about 5%. The balance of

the C-contert; and in all cases, more then 03%, the alloy being substantially iron with the normal

its effect on the resistance to the action of carbon contents of Mn and 8i. The latter content, how-

45 removing gases is notably greater than the effect  €Vel, may amount up to 1.5%. 45
obtained by the addition of equal percentages Furthermore, in order to improve the mechani-
of chromium, tungsten or molybdenum, Besides cal properties of the steel alloys and their re-
vanadium, also the remaining elements of group sistance to scaling and corrosion, further alloy
V. of the periodic table which form carbides in . constituents may be added to the alloys used ac-

50 the steel, viz. columbium and tantalum, impart cording to the invention, such as silicon, 5o
to the steel high resistance to the attack of hy- manganese, nickel, cobalt, . chromium, tungsten
drogen and hydrogen containing gases that at- and molybdenum. The total content of these
tack and remove ‘carbon. elements, separate or mixed, may amount to

The present invention therefore consists in the about 30%. In general, however, 4 total content
55 manufacture of articles of the class described  of not more: than 15% thereof is found satis- 56
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factory. Even when these additional elements
are present in the alloy, the vanadium, columbium
and tantalum remain the principal factor of the
resistance to the removal.of carbon, owing to
their great affinity for carbon. :

It has been found particularly suitable to make

use of steels according to the invention which
contain carbon in an amount not exceeding 04%,

vanadium, columbium or tantalum in an amount
not exceeding 2%, molybdenum in an amount
not exceeding 3%, with or without chromium in
an amount not exceeding 109%. For apparatus
for the destructive hydrogenation of oil and coal
as well as for the synthesis of ammonia, the
following steel alloys may, for example, be used:

1. A steel alloy containing about 0.10% C,

- 030% Si, 0.50% Mn, 0.80% V.
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2. A steel alloy containing about 0.08% C,

40.30% 81, 0.50% Mn, 1.0% Cr, 0.50% V.

3. A steel alloy containing about 0.109 C,
15% 8si, 0509 Mn, 6.0% Cr, 049 Mo, 0.6% V.

I claim: '

1. Articles which in their normal use are sub-
jected to the attack of hydrogen at high hydrogen

partial pressures and high temperatures, said-

articles being composed of a steel alloy consisting
of carbon not over 1%, over 0.3% and not over
5% of one or more elements selected from the
group vanadium, columbium, tantalum; the re-
mainder substantially iron with silicon not over
about 1.5% and a manganese content within the
usual range for low alloy steels.

2. Articles which in. their normal use are sub-
jected to the attack of hydrogen at high hydrogen
partial pressures and  high temperatures, said
articles being composed of a steel alloy consist-
ing of carbon not over 1%; vanadium in an
amount af least four times greater than the car-
bon content and not over 5%; the remainder sub-
stantially iron with silicon not over about 1.5%

- 0.3% and not over 5% of ma

and a 'manganese content within the usual range
for low alloy steels.

3. Articles which in their normal use are sub-
Jjected to the attack of hydrogen at high hydrogen
partial pressures and high temperatures, said
articles being composed of g steel alloy consisting
of carbon not over 0.89%, vanadium in an amount
ab least 5.6 times greater than the carbon con-
tent and not over 5%; the remainder substan-
tially iron with silicon not over about 1.5% and
& manganese content within the usual range for
low alloy steels.

4. Hydrogenating apparatus having its parts

which are subjected to the attack of hydrogen

at high pressure and temperature, composed of a
steel alloy containing carbon not over 1%, over
0.3% and not over 5% of one or more elements
selected from the group vanadium, columbium,
tantalum; the remainder substantially iron.

5. A process which comprises subjecting a
material to be hydrogenated to the influence of
hydrogen at high hydrogen partial pressure and
high temperature in a container composed of a
steel alloy consisting of carbon ot over 1%, over
al from the group
vanadium, columbium, tant um; the remainder
substantially iron with siliton not over ahout
15% and a manganese confent within the usual
range for low alloy steels.

6. A process which compriges subjecting a
material to be hydrogenated to the influence of
hydrogen at high hydrogen partial pressure and

high temperature in a container composed of a

steel alloy consisting of carbon not over 1%;
vanadium in an amount at least four times
greater than the carbon content and not over 5%
the remainder substantially iron with silicon not
over about 1.5% and a manganese content within
the usual range for low alloy steels.
FRIEDRICH KARL NAUMANN,.
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