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TOP BLOWING OXYGEINAI;IJOZZLE IN MOLTEN

Chester E Blemosek Jersey City, Edward. F, Kurzmski,
. Cranford, and David H. Fleming, Jr., Chatham, N. J.,
assignors to Union Carbide Corporatxon, a corporatmn
of New York -

Appllcatlon ‘October 1, 1954, Senal No. 459,582
5 Claims, (Cl. 266—41)

- This invention relates to a top blowing oxygen nozzle
of ‘the sort used in removal of impurities from molten
steel, and for other similar purposes, and has for an ob-
ject to provide such a nozzle having a longer useful life.
Another object is to reduce the time in which such purifi-
cation process is not operating during a change in the
oxygen nozzle.

In a process for removal of impurities from molten steel '
by blowing oxygen under pressure into the hot metal from

a nozzle spaced about 4 to 12 inches above the:surface
of the metal, the temperature at the center of the reaction
zone or impingement point in such a process has been
estimated to be about 4200° F. which is far above the
melting temperature of around 1980° F. for copper, the
material which has heretofore been used in such nozzles.
Operation of a nozzle in conditions involving such great
témperature différence is possible only by rapidly circulat-
ing water through the thérmally conductive copper nozzle.
Yet with rapxd c1rculat10n of water the nozzle life has been
short.

One cause has been found to be the abrasion and wear
from hot particles of slag and molten metal striking the
nozzle .and wearing the peripheral edge. The trouble
from -this cause: has been alleviated by rounding of the
nozzle. periphery. If the radius of curvature for such

rotunding is too large not enough room will be left for the -

fiecessary cooling water passageways. On the other hand
if too small a radius of curvature is used the wear and
the abrasion is present.. We have found what is believed
to be -the.best compromise for such radius of curvature
to be about .25 to..30 of the max1mum dlameter of the
nozzle.

'Another cause of short life in these nozzles has been
found to be the melting of the copper starting at locations
where it has been welded or brazed. The thermal con-
ductivity of the metal in a welded or brazed portion has
been found to be not as good as it is ‘elsewhere, due per-
haps to such welded or brazed portion being more porous.
Cast copper nozzles possess an objectionably short life
and we believe such to be due to its being too poor a
thermal conductor. One feature of this invention resides
in our providing a type of copper that is a better thermal
conductor, namely a more dense copper which has been
both deoxidized and forged.

The life of such a nozzle has been prolonged as much
as a thousand percent by a number of factors contribut-
ing to this new result. One factor is the use of deoxidized
and forged copper possessing the best available thermal
conductivity because less porous and freer from impuri-
ties. Another feature is the construction of the nozzle
to avoid the presence of any welded or brazed portions
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nozzle without any portion of them having to be trans-
versely drilled, plugged and welded, we have formed such
passageways by longitudinally drilling in the nozzle body
pairs-of ‘passageways at an angle from about 10° to 45°
to one another and arranged in pairs close together to
take full advantage of turbulence in the coolant at the
vertex of these passageways. A change in direction of the
coolant 'at the end -of the nozzle has been found to be
efficient in heat transfer from the -nozzle to the water.
We have’ also discovered -that the lower limit for the
velocity of the coolant should be at least 10 ft. per second.
There is no upper limit for this velocity except the ques-
tionable practicability of operating at an unnecessarily
high pressure. We have also found the- desirable close-
ness in circumferential spacing between adjacent edges of
these passageways should be not less than 245"’ and not
more than $8’’. With closer spacing more water is needed
and with more spacing between these passageways there is
greater danger of the nozzle melting. Approximately
3000 to 5000 gallons of water per hour are consumed in

. the illustrated nozzle of 6V%. inches outside diameter.
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previously used in the formation of water cooling passage- -

ways and plugs therefor where transverse connecting pas-
sageways are formed. A further feature is having the nose
rounded at a curvature between .15 and .40 of the maxi-
mum diameter of the nozzle and preferably between .25
to .30 of that diameter.

In order to form water passageways extendmg into the

70

Referring tothe drawing Fig. 1 is a longitudinal section
through a preferred embodiment of this invention. Fig.
2 is a section on the line 2—2 of Fig. 1. i ]

A central oxygen -passageway 10 leads the gas under
pressure to a nozzle 11 of forged and deoxidized: copper.
A water inlet 12 leads to the water passageway 13 around
and contiguous to the oxygen passageway 10 for supply-
ing coolant to the passageways 14 in the nozzle 11. The
water coming through passageways 14 impinges upon the
end wall 15 absorbing heat from the nozzle 11 and pass-
ing out passageways 16 as shown in Fig. 1. The cooling
water then moves through the passageway 17 around the
outside of passageway 13 and out through the outlet con-
nection 18, Any convenient fype spacing members 19
are welded to the innermost pipe which they separate and
may be angularly spaced as much as about 120° when
three of them are used connected to any one pipe or pas-
sageway. O ring 20 or: other convenient type packing is
provided around the wall of passageway 10 between it
and the nozzle 11. - A pressure drop in the coolant is in-
versely proportional .to the 5th power of the passage
diameter and it has been found a desirable size for the
passageways 14 and 16 should be from %4 inch to 94¢ inch
in diameter aithough from % inch to 3 inch may be use-
ful as the diameter of these passageways. A thickness
of the copper outside the coolant passageways should be
preferably between %44 inch and 9 inch. The ratio of
the total cross sectional area of the coolant passageways
14 and 16 to the total cross sectional area of copper in
the nozzle in the same transverse plane should be from
about 1:25 to about 1:5.

Welded to the outer surface of the passageway 10 is a
flange 21 of the general type shown in Fig. 1 to which is
bolted a flange 22 welded to the outside of the pipe 23
constituting the outer wall of the coolant inlet passage-
way 13. This pipe 23 also constitutes the inner wall of
the water outlet passageway 17. Spaced from flanges 21
and 22 by an amount approximately the same as the spac-
ing of the axes of the inlet and outlet connections 12 and
18 respectively, is flange 24 welded to the outer surface
of the pipe 23. A flange 25 is bolted to flange 24 and
welded to the outer surface of the pipe 27. O ring 26 or
other type packing is placed between the outer surface of
pipe 23 and the rear end of the nozzle 11 into which the
Dpipe 23 extends. ‘As shown in the drawing the pipe 27
constituting the outer wall of the watet outlet passageway
is threaded to the nozzle 11 to permit ready removal of
the nozzle when worn. Pipes 10, 23, and 27 connected
to the nozzle 11 are preferably of stainless stee]l and need
not have the high thermal conductivity of the nozzle 11
because they are not subjected to the same intense heat
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and abrasion to which the nozzle 11 is subjected. - To re-
move the nozzle 11 it is unscrewed from the threads on
the lower inner-end:of the. pipe 27 when the O ring pack-
ings 20 and 26 permit the nozzle to be disconnected from
the pipes 10 and 23 as the nozzle is unscrewed from the
pipe 27. : ‘ ‘ :

The - central oxygen passageway
tapered as -shown-in.the ‘drawing. The edge 28 of the
nozzle is rounded on a radius of curvature stated above,
namely-between about .15 to .40 of the' maximum diam-
eter of the nozzle and preferably between .25 to .30. of
that maximum diameter. ’

The water passageways 14 and 16-are arranged.in pairs
in'the same radial plane as shown in Figs. 1 and 2 or-they
may be connected in a plane angled to the radial plane.
Before -the nozzle 11-is connected to-the.gas and water
pipes these passageways are drilled from the rear-end of
the nozzle and arranged to-mieet-at'a small-acute angle.
An advantage of ‘this arrangement for these coolant pas-
sageways 14 and 16 is that no lateral drilling of any-trans-
verse connecting passageways is necessary and-no plug
has to be brazed or otherwise secured in -place. . It-has
been found that such plugs cannot be molecularly -secured
in place to possess as good conductivity as-is: desired in
the main body portion of the nozzle because under-the
intense heéat to which the nozzle is subjected any such plug
tends -to melt and threaten the life of the nezzle. “The
Jongitudinal and tapered outer surface of the nozzle is ap-
proximately parallel with the axes-of the passageways 16.

Among: the advantages of this invention may be -men-
tioned the fact that-the increase in life of ‘the ‘present
nezzle has been-as much as 2000%- as compared- with -that
of a copper nozzle which is not both- forged -and- deexi-
dized and-which may be possessed of a plugged- trans-
versely -drilled hole. -The spacing of -thése pairs-of pas-
sageways has been mentioned-above -and -is-important-to
obtain satisfactory cooling. i

We claim: : AT

1. Apparatus for the top blowing of oxygen inte molten
metal having a nozzle portion for insertion into a furnace
and a rear body portion communicating therewith and
adapted for connection to an oxygen.and coolant source,
said nozzle -portion having a unitary construction of high
thermal conductivity metal, a ceéntral longitudinal pas-
sageway for the passage of oxygentherethrough, a plu-
rality of coolant borings radially arranged in pairs ‘around
said central passageway, each pair of borings lying.in-the
same radial plane including the nozzle axis and extending
from the rear face of said nozzle portion and converging
to a point of intersection-short of the forward face of said

is! constricted -and -
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nozzle portion, said pairs of borings being circumferential-
1y spaced betiveen about %g¢” and %", thereby forming a
plurality of radially-arranged series coolant paths through
the nozzle.

2. A nozzle according to claim 1 in which the thickness
of copper radially outside the radially outer coolant bor-
ings is between about 34¢ of an inch and % of an inch and
the ratio of the total cross sectional area of coolant bor-
ings to the total cross sectional area of copper is between
about 1:25 and 1:5.

3. ‘A nozzle according to claim 1 in which the radius
of curvature at the forward face of the nozzle portion is
between about .25 to .30 of the maximum nozzle diam-
eter.

4, An apparatus for blowing of oxygen into molten
metal and including -a -nozzle of deoxidized and forged
copper free of any weld or brazed portion, pairs of coolant
passageways arranged in a generally radial plane with the
passageways of each pair meecting adjacent the outer end
portion of .said nozzle, the.pairs being arranged circum-
ferentially,. an - oxygen .supply. pipe ceitrally of and at-
tached to-said.nozzle, a projection secured to. said pipe
at a rear portion thereof, a.second pipe forming an outer
wall of a_coolant passageway for said.nozzle, the inner
wall of said passageway.being constituted by an outer sur-
face of said oxygen supply pipe, spaced flanges secured
fo.said second: pipe, means. removably securing the rear
one.of said spaced flanges to the .flange on said oxygen
supply pipe, a:third pipe surrounding the second and form-
ing a coolant passageway. between them, a rear flange se-
cured ‘on said third pipe, means. removably holding the
last mentioned flangé to the forward. one of said flanges
on the second pipe, and a removable connection between
said nozzle and :each.of the three of saidpipes.

5. A nozzle according to claim 1.in which said coolant
borings meet:adjacent-the forward face of the nozzle por-
tion at an-angle of between about 10° to 45°.
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