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My invention relates in genersl to combustion
apparatus for use In chemieal analysis and in
particular to a novel combustion tube which may
be used in the determination of the carbon and
sulphur content of iron or steel. R ‘

As part of the apparatus used in making such
determination,'it is customary to employ 4 com-
bustion tube of suitable refractory material, in-
side of which tube, one or more refractory liners
are placed and inside one of the liners a boat of
refractory material coritaining the sample to be
analyzed is positioned. “The tube is located with
a portion thereof inside g heating furnace which
may be a.gas furnace or an electric furnace.

_In determining carbon and sulphur content of
a sample of iron or steel, it'is customary to place
the sample'in a boat made from refractory ma-
terial, which boat is placed inside a liner of re-
fractory ‘material, and the boat and liner are
placed inside a combustion tube, . The assembly
is placed in a suitable furnace so that a portion
of the assembly may be heated to a temperature
say of the order of 2500° F'., while 4. suitable gas,
usually oxygen, is passed ‘through the assembly
and over the sample and into the determination
apparatus..

Heretofore it has been the practice to use a
combustion tube of uniform diameter throughout,
or for at least the major portion of its length.
When an uncovered boat is used, it is good econ-
omy to protect the tube by, also using .2 liner
which extends along the boat and is long enough
to cover the boat, and small enough in diameter
to.be réadily inserted in and withdrawn from
the tube. . The liner protects the tube from spat-
tering slag, and when sufficient slag or other for-
eign. material collects on.its internal surface, it
may be replaced.

.. The main purpose of this invention is to pro-
vide 'a combustion tube of improved construc-

tion which is particularly adapted to the use of a .

replaceable liner. To this end, the portion of the

tube which is positioned within the furnace. is.

provided with a depression in its lower internal
surface in which a cylindrical liner may be placed.
The depression has shoulders at its ends which
are spaced apart a distance slightly greater than
the length of the liner and which thus act t6 hold
the liner in position to prevent accidental dis=
placement of the liner in the tube. In g mdnner
which will be described, the liner has a wall thick-
ness substantially the same as the depth of the
depression so that its internal surface constitutes
a continuation of the internal surface of the inlet
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end portion. of thé‘ tube whereby a combustion

‘boat may slide: freely to and from a position with-

in the liner. The liner thus need be moved or re-
placed only when sufficient dirt has accumulated

- onits interior surface as will interfere with move-

ment of the boat to and from a protected position
within'the liner, . SRR ‘

"It is ‘an ‘object-of my invention to provide a
combustion analysis' apparatus having a combus-
tion tube which has a linér receiver portion which
is Jarger in cross section than is the balance of the
tube. S ; :

- It is another object of my invention to provide
a combustion - analysis tube which has a boat
which has 'a shaped bottom to correspond with'
the inner wall of the liner in which it is placed.

It is still another object of my invention to pro-
vide a combustion‘ -analysis apparatus of such’
proportions that the volume of gas employed is a
convenient minimum, !

It is a further object to provide a combustion-
analysis “apparatus.in which the tube, the liner
and the boat are so proportioned that the various
needed manipulative steps may be performed and
the tube so proportioned as to permit the use of
a relatively low volume of gas.

It is a still further object to provide a combus-
tion analysis apparatus which is simple, inexpen-
sive, accurate, and which will enable relatively
low cost determination of the chemical constitu-
ents of a material sample to be made by com-
bustion analysis. .

- In the accompanying drawings, wherein I have
shown the presently preferred embodiments of my
invention: _—

Figure 1 is a view- in vertical section of a con-.
ventional heating furnace showing my improved
tube, liner and boat assembly in operative posi-
tion in the furnace;

Figure 2 is an enlarged vertical sectiona] view
of the apparatus along the line IT—IT of Figure 1 ;

Figure 3.is an enlarged vertical sectional view
along line TIIIIT of Figure 1; and ‘

Figure 4 is an enlarged vertical sectional view
along line IV—IV of Figure 1.

In. the drawings, the reference numeral i0
designates a combustion furnace of known con-
struction having a combustion chamber 1{ sur-
rounded by insulating walls. 12 of any suitable
refractory - material. A combustion tube I4
formed of any suitable refractory material, passes
horizontally through the end walls of the fur-
nace ‘and through -the “heating or combustion
chamber 1f. . The tube 14 extends for a desir--
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able distance beyond the end walls to provide
at one end an inlet end 16, and at the other end
a discharge portion or exit end I1. :

Between the tube end portions there is a bulge
or an enlarged portion 18 of greater cross sec-
tional depth than is the inlet portion 16, which
in turn is of a cross section greater than that of
exit portion (7.

The upper wall of inlet portion 16 and enlarged
portion 18§ are in the same plane, while the lower
portion of the inner wall of enlarged portion 18
is in a plane below that of the lower portion of

the inner wall of inlet portion (6, when the tube:

is in a horizontal position. The right-hand end
of the bottom of the enlarged portion or bulge 18
is connected to the bottom of the inlet portion

16 by a shoulder 20 which -extends part way,

round the junction of the portions as seen in
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Figure 3. The difference in levels of the -bot~ -

toms of the inner walls is substantally equal to
the thickness of a. refractory liner- 2i whieh is

shewr .in operating’position -in the shell-of the

enlarged portion (8.
The exit portion {7 of the combustion tube is

of asection less than that of the enlarged por-.
tion 18, and forms at the junction with portion-

18, an annular shoulder 22. There is thus pro-
vided & central portion 18 which is larger in di-

ameter than is- the inlet portion 6 and still.

larger than is the exit portion IT. As representa-
tive dimensions, the inlet portion 16 may have.an
inner diameter of about 3 of an inch, while the
exit portion may have an inner diameter of about
% inch to about % inch. The liner 2f may be
conveniently about 4/’ long, of cylindrical form,
with an outside diameter of about % of.an inch
and & uniform wall thickness of-the erder of

about ¥ of an inch. The inner diameter of the

enlarged portion [8 could well be of the order of
1% to 7% inch, and the length.of about 4% -inches
long enough to receive the liner 21, )

The various dimensions are such that the liner
may. be moved through the inlet portion 16 to
the chemical determination position in the en-
Jarged ' center portion 8. When the liner is
placed in position between the shoulders 20 and
22, it will remain there until it is purposely moved
by means of a manipulative device, such as a
hooked wire. The. shoulders 20 and 22 prevent
accidental displacement.

The dimensions I have set forth are those of
a desirable apparatus.’ But the measurements
are exemplary only, and the dimensions adopted
_may be more or less as the operator- desires and
convenience necessitates.

I place in the liner 21 a boat 25 which:I prefer
to make with a hottom portion 26 shaped so as
to conform to the lower portion of the inner wall
of the liner. 'The boat has straight sides 24, and
which extend to a position close to the side walls
of ‘the liner; and the ends are sloped outwardly
and upwardly as shown in Figure'l. A handle 21
with an eye 28 therethrough extends to the right
as shown in Figure ‘1. By means of a hocked
wire which may be connected to this eye, the boat
25 may be moved into or out-of its position in-
side the liner 21, which is located when in opera-
tion in'the enlarged portion 18.

In the determination operation, the boat. 28
with its chemical sample must be moved along
the lower wall of the-inlet portion and into po-
sition ‘in. the liner -as shown in Figure 1. For
this purpose it is highly desirable that the bot-

tom portion of the inner wall of the liner 21L.
should be-at least as low and preferably slightly.
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4
below the lower portion of the inner wall of the
inlet portion 16 of the tube, although i} may be
slightly above. The arrangement must be such
that the boat 25 may be slid into and withdrawn

from -the liner in position in the enlarged portion

13 without difficulty. The height of the walls of
the boat should be such as can be readily in-
serted in the liner, and it must be remembered
that the dimensions of the various portions of
the apparatus must be such as will make. allow-
ance for the variations in the finished dimen-’
sions of the various refractory articles compris-
ing the apparatus, which by the nature of their
manufaeture, cannot he assuredly held to pre-
cise measurements. '

Tn operation, the tube 14 is mounted in posi-

tion. within the furnace as illustrated in Fig. 1.

A liner 21 is then placed in position within the
enlarged portion (8 of the tube 14 with its ends
positioned between the shoulders 20 and 22 at
the ends of the enlarged portion (8 so that such
shoulders ‘operate to prevent accidental endwise-
movement of the liner 2f. 'The furnace may then
be -operated .to bring the portion of the tube

5 within the furnace and its liner 21 up to operat-

ing temperature. The combustion boat 25 may
then be slid over the bottom surfaces of the in=-
let end portion 16 of the tube and liner 2{ to a
position within the liner 2f. The lower internal
surface of the.liner-21 being in substantially the
same plane as the lower internal surface of the
tube. 16, the insertion and removal of the boat 25
may be effected without difficulty. The liner, of
course, need be placed only when sufficient slag
has collected on its internal surface to interfere
with the flow of oxygen through the liner or the
removal and replacement of the combustion boat.
The dimensions of the parts, particularly the size.
of the enlarged portion (8 with respect. to the in-
let end portion 16 and the outlet end portion (1
and the formation of the end i1 with a smaller
diameter. than the inlet end I6, is particularly
designed to maintain the internal volume of the
tube at 2 minimum while facilitating the removal
and replacement of both the liner 21 and the
combustion tube 25.

While I have described the presently preferred
embodiment of my invention, it is to be known
that changes and modifications may be made
within the scope of the following claims.

I claim: : '

1. In combustion analysis apparatus including
a heating furnace-having insulated walls defining
2 heating chamber therein, a combustion tube
having inlet and outlet end portions extending
through said walls and -a center portion posi-
tioned in said chamber, said center portion hav-
ing on its lower internal surface s depression
providing shoulders spaced from each other
axially of the tube, and a ‘cylindrical protective
liner having a length slightly less than the spac-
ing of said shoulders for inserfion in said tube
to a position in which said shoulders act as abut-
ments for preventing axial displacemet of the
liner out of said depression, said liner having a
wall thickness and said depression having a
depth -which are substantially equal so that the
bottom internal surface of said liner in effect

‘constitutes a. continuation of the bottom internal

surface of one of said end portions whereby a
combustionboat may slide freely over said bottom
surfaces in its removal from and insertion in said
liner. - T
- 2. The invention described in claim 1 charac-
terized hy said -central portion having a diameter:
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greater than either of said end portions to facili-
tate removal of said liner from said central por-
tion.

3. The invention deseribed in eclaim 2 charac~
terized by said one end portion being the inlet
portion, and said outlet portion having a diam-
eter less than the diameter of said outlet por-
tion to thereby reduce the space in said tube to
a minimum.

4. In combustion analysis apparatus including
a heating furnace having insulated walls defin-
ing a heating chamber therein, 5 combustion tube
having inlet and outlet end portions extending
through said walls and a center portion posi-
tioned in said chamber, said center portion hav-
ing the bottom portion of its internal surface de-
pressed below the level of the bottom portion of
the internal surface of said inlet end portion to
provide a shoulder between said internal surfaces,
an abutment at the other end of said depressed
center portion and a cylindrieal liner having a

dength slightly less than the distance between
said shoulder and abutment for insertion in said
tube to a position lying on said depressed center
portion, said liner having a thickness and said
depressed center portion having s depth which
are substantially equal so that the bottom inter-
nal surface of said liner constitutes a continua-
tion of the bottom internal surface of said inlet
end portion whereby a combustion boat may slide
freely over sald internal surfaces in its removal
from and insertion in said liner.
GEORGE M. DREHER.
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