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(57) Abstract

A sealed observation element for viewing the flow of
molten liquid during the operation of a sulfur recovery unit
comprises at least one sight glass that is heated and which
may be swept with a purge gas supplied through one or more
bleed rings to prevent condensation or deposition of materials
on the side of the sight glass exposed to the process stream.
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SEALED OBSERVATION ELEMENT

TECHNICAL FIELD

This invention relates to tha control and operation of
a sulfur recovery unit. More specifically, the invantien
relates to a sealed chservation element which enables the
operator of the sulfur Tecovery unit to monitor the flow of

L] liquid gultur at various locations in the unie,
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BACKGROUND OF THE INVENTION

In the operation of a Claus~-type sulfur recovery unit
it is desirable, if not essential, for the operator to be
able to visually monitor the flow of liquid sulfur at
various locations in the unit. This is conventionally
accomplighed through the use of open overflow elements
which allow the operator to observe the flow of liquid
sulfur over weirs or seal pots which function at
atmospheric pressure and rely on a liquid seal ts isolate
the process from the open observation element. The open
overflow element is typically accessed by means of a hinged
cover which allows the operator to visually observe the
flow of liquid sulfur over a weir or seal pot and thus
deternine whether liquid sulfur is flowing frem, for
exampls, a sulfur condensar.

Open overflow elements may, however, be a source of
fugitive emissions, Additionally, open overflow elemants
may represent a significant safety hazard as a potential
source of hydrogen sulfide gas and molten sulfur in the
avent of an over pressurization of the systen that blows
the 1liquid sulfur out of the seal or seal pot.
Furthermore, the design of conventional open overflow
elements used in sulfur recovery units normally precludes
designing the unit for higher, lower and in particular,

variable pressures. Therefore, there exists a need for

PCT/US96/12978
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providing the operator of a conventional Claus-type sulfur
recovery unit with means for monitoring liquid sulfur
production that does ngt have the drawbacks inherent ip

conventional open overflow elements.
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Summary of the Invention

In a first aspect, the present invention provides a sealed observation
element for viewing the flow of material comprising:

a sight glass having an interior and an exterior surface;

a source of a heated purge medium;

a bleed ring positioned adjacent to the sight glass, said bleed ring
having an annular axis and defining at least a pair of purge passageways for
the flow of said heated purge medium, said purge passageways on opposite
sides of said bleed ring and angled to direct the flow of the heated purge
medium toward the interior surface of said sight glass; and

at least one connector for connecting the source of the purge medium
to the passageways;

wherein said sight glass is positioned to permit a direct viewing of the
flow material.

In a second aspect, the present invention provides a sealed observation
element for viewing the flow of a molten liquid sulfur through a sulfur
transfer line comprising:

a sight glass having an interior and an exterior surface;

a bleed ring positioned adjacent to the interior surface of the sight
glass;

the bleed ring defining an annular axis and a plane perpendicular to
the annular axis, said bleed ring further comprising a pair of opposed purge
passageways for the flow of a heated purge medium, said purge passageways
having opposed internal openings, said opposed internal openings defining a
diameter of said bleed ring, said purge passageways being angled at about 30¢°
relative to said diameter to direct the flow of the purge medium toward the
internal surface of the sight glass; and

a supply of heated purge medium flowing through the puge
passageways at a flow rate and a temperature sufficient to prevent the
deposition of sulfur on the interior surface of the sight glass.

In a third aspect, the present invention provides a sealed observation
element for viewing the flow of a molten liquid sulfur through a sulfur

transfer line comprising:
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first and second sight glasses; and

means positioned between said {irst sight glass and said second sight
glass for at least partially defining an internal space between said first and
second sight glasses and at least one passageway for the introduction inlo the
observation element of means for heating the internal space between said
first and second sight glasses;

wherein said heating means is sufficient to deter sulfur condensation
on an interior surface of said first sight glass.

In a fourth aspect, the present invention provides a sealed cbservation
element for viewing the flow of molten liquid sulfur through a sulfur transfer
line comprising:

first and second sight glasses;

a bleed ring positioned between said first and second sight glasses, said
bleed ring having an annular axis and defining an internal space between
said first and second sight glasses, said bleed ring further defining at least
one passageway for the introduction of a heated gas into the internal space;

a pipe cross for mounting said sight glasses and bleed ring in a sulfur
transfer line;

a weir for directing the sulfur toward the center of the pipe cross for
observation through said first and second sight glasses; and

a light source for illuminating flowing molten sulfur flowing over said
weir, said light source projecting a beam of light along an axis substantially
perpendicular to said annular axis.

In a fifth aspect, the present invention provides a sealed observation
element for viewing the flow of a liquid material comprising:

a sight glass having an interior and an cxterior surface;

a bleed ring positioned adjacent to the interior surface of the sight
glass, said bleed ring having an annular axis and defining a pair of opposed
puuge passageways for the flow of a heated purge medium, wherein each
purge passageway has an internal opening and is angled to direct the flow of
the heated purge medium towards the interior surface of said sight glass;

a pipe cross on which said bleed ring is mounted,

a weir for directing the liquid material toward the center of the pipe
cross for observation through said sight glass; and
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a light source for illuminating the flowing liquid material.

In a sixth aspect, the present invention provides a sealed observation
element for viewing the flow of a liquid material comprising:

a sight glass having an interior and an exterior surface;

a bleed ring positioned adjacent to the interior surface of the sight
glass, said bleed ring having an annular axis and defining a pair of opposed
purge passageways for the flow of heated purge medium, wherein each purge
passageway is angled to direct the flow of the heated purge medium towards
the interior surface of said sight glass;

a steam jacketed material transfer pipe on which said bleed ring is
mounted;

a weir for directing the liquid material toward the center of the transfer
pipe for observation through said sight glass; and

a light source for illuminating the flowing liquid material,

In a seventh aspesct, the present invention provides a sealed
observation element for viewing a flow of material comprising:

a first sight glass having an interior and an exterior surface;

a pipe on which the sight glass is mounted; and

a weir positioned within the pipe to direct the flow of material toward
the interior surface of the sight glass.

In an eighth aspect, the present invention provides a sealed
observation element for viewing a flow of material comprising:

a lirst sight glass having an inlerior and an exterior surface;

a pipe cross on which the first sight glass is mounted; and

a weir positioned within the pipe cross to direct the flow of material
toward the center of the pipe cross.

The present invention provides an apparatus comprising a sealed
observation element for visually monitoring the flow of liquid sulfur in a
sulfur recover unit without the release of fugitive emissions or the other
disadvantages inherent in the use of conventional open overflow elements.
The invention also allows the sulfur recovery unit to be operated at higher
and more variable pressures than would be possible using convenlional open
overflow elements that operate at atmospheric pressure. Additionally, the
invention provides grealer protection of personnel and equipment in the

i I
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event of an overpressurization of the unit. The sealed observation element of

the present invention includes at least one heated sight glass for viewing the
flow of molten liquid sulfur through a sulfur transfer line. The sight glass is
heated and may be swept with a purge gas to prevent condensation or
deposition of materials on the side of the sight glass exposed to the process
stream. In one embodiment of the invention, a pair of sight glasses secured
on either side of a bleed ring define an interior space that is heated with a
heated gas, sleam or an electrical heating element. Additionally, a weir and
light source may be provided to direct and illuminate the flow of the molten
stream. The sealed observation element may include a steam jacket pipe or
pipe cross for mounting the sight glass at appropriate locations in a sulfur
recovery unit and/or on a sulfur transfer line to enable an operator to view
the flow of molten sulfur without the potential release of vapors to
atmosphere. Since the sealed observation element of the present invention
does not rely on a liquid seal which may be blown out in the event of an
overpressurization of the unit, the sealed observation element may allow for
operation of the unit at higher, lower, and more particularly at more variable
pressures. Thus the sealed observation element of the present invention
provides numerous advantages over conventional open observation elements.

Throughout this specification, unless the context requires otherwise,
the word "comprise”, or variations such as "comprises" or "comprising”, will
be understood to imply the inclusion of a stated element, integer or step, or
group of elements, integers or steps, but not the exclusion of any other
element, integer or step, or group of elements, integers or steps.

il
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BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of tha present
invention and the advantages thereof, referencs is now made
to the following Detailed Description taken in conjunction
with the accompanying Drawings in which:

FIGURE 1 is a partial side view of a sealed
observation element of the Present invention:

FIGURE 2 is a cross section of the sealed observation
element of FIGURE 1;

FIGURE 3 a perspective view of an embodiment of the
sealed observation element of the pPresent invention
including a stesam jacketed pipe cross:

FIGURE 3(a) is an alternate embodiment of the sealed
observation element of FIGURE 3;

FIGURE 4 ig a perspective view of ap enbodiment of the
sealed observation element of <the present invention
including additional coumponents;

FIGURE 5 is a cross sectional view along line A-A of
FIGURE 4; and

FIGURE 6 is a perspective view of a weir employed in

the sealed observation element of FIGURE 4.

PCT/US96/12978

gy



WO 97/07051

10

15

20

25

-7
DETAILED DESCRI PTION

Referring now to the dravings where like reference
characterg designate like or similar parts throughout, ang
specifically to FIGURES 1, 2 and 3, a first embodiment of
the sealed observation elemant 10 of the present inventien
is illustrated. Observation element 1p ig mounted on a
steam jacketed pipe 12 and includes a sight glassg 14,
Preferably of the fused steel type. "Staam jacketed pipe*
28 used herein refers to a smaller pipe, for example a four
inch diameter pipe secureq inside a larger pipe, for
example a six inch diameter pipe, Steam is injectad into
the space between the larger pipe and smaller pipe in order
to heat the smaller Pipe and prevent the solidification of
the material flowing through the smaller Pipe. Lines used
t0 transfer molten sulfur, which has a melting point of
2pproximately 235°F, are typically steam jacketed in order
to prevent the molten sulfur frep solidifying inside the
Pipe.

The sealed observation element 1g is secured to the
end of jacketed Pipe 12 with flanges 16 which may be of thae
slip-on type. Flanges 16 are bolted together with stud
bolts 18 and nutg 20. as illustrated, the cbservation
alement 10 includes an annular blaeed ring 22 having an
annular axis 23, 4 Plurality of passagaways 24 extaend

through bleed ring 22 at locations around the circumference

PCT/US96/12978
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of the bleed ring. In the embodiment illustrated ip
FIGURES 1 and 2, four such passageways are located at 90*
intervals around the circumference o the bleed ring 22.

As illustrated, each of the passageways 24 extends
through the bleed ring 22 at an angle of approximately 3g°
relative to a plane taken perpendicular to an annular axis
23 of the bleed ring and toward sight glass 14, Each of
the Passageways 24 is alse positioned at an angle of
approximataly 30° relative to a diameter 25 of the bleed
ring 22 taken between opposed exterior openings 323 of
passageways 24, Connectors 30 are provided to connect a
source of purge gas (not shown) such as steam or preferably
an inert gas such ag nitrogen to the sealed observation
element 10 at the Passageway 24 in the bleed ring 22.

Due to the angle at which the passageways 24 are
positioned, ag described above, purge gas introduced
through the pPassageways 24 tends to sweep against the
interior surfrace 36 of the sight glass 14 Preventing
condengation of vapors or the deposition of mataerials that
otherwise Day condense or ba deposited on the inside
surface of the sight glass 14, The sweep gas may be
introduced on an intermittent basis, in which case the
sweep gas removes materials which have been deposited or
have condensed op the interior surface 3¢ of the sight

glass 14, The Cross-secticnal area of the passageways 24

PCT/US96/12978
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required to permit sufficient flow of Purge gas to keep the
sight glass 14 clear may vary with the diameter of the
sight glass 14, the Systenm pressure, the Supply pressure of
the purge gas and the number of passageways provided. It
is, however, believed that in a typical application in
vwhich a sight glass six inches in diameter is clamped onto
the end of a stean jacketed pipe formed frop a four inch
diameter (D,) pipe, inside a six inch (D,) pipe, four
passageways 24, one~eighth inch in diameter, located at 0*
intervals arcund the circumference of the bleed ring 22 and
angled as described above will be sufficient to keep the
sight glass Clear, assuming that the temperature and
Pressure of the purge medium :is adequate. The sealad
observation element of FIGURE 1 pay be positioned at
locations within the sulfur recovery unit to enable the
operator to view the flow of molten sulfur over a weir or
from a seal pPot. For example, sealed observation element
10 may be mounted in the top of a sulfur tank above ap open
weir to anable the operator of the sulfur recovery unit to
cbserve the flow of molten sulfur over the weir without
opening the tank to atmosphere.
An alternative embediment of the sealed observation
element of the present invention is illustrated in FIGURE
3 which includes a steam jacketed pipe cross 32 which may

be positicned in a liquid sulfur transfer line. Sealed

PCT/U8%6/12978
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observation element 10 includes two sight glasses 14
separated by bleed'ring 22. The sight glasses 14 and bleed
ring 22 are clamped onts a steam jacketed pipe cross 33
with flanges 16 which are secured with stud bolts 18 and
nuts 20. As illustrated, upper and lower sight glasses 14
and l4a and bleed ring 22 define an interior space 34,
Passageways 24 and 24a extend through the bleed ring 22
providing means for communication between connectors 30 and
30a and interior space 34,

A gource of heating medium (not shown), for example,
Steam or heated inert gas, is introduced into interior
space 34 cthrough one or more of connectors 30 and
passagewvays 24. The heating medium heats lower sight glass
l4a to a temperature sufficient to prevent the condensation
of vapors on the interior surface 36 of the lower sight
glass l4a. Condensate or cooled gas exits interior spaca
34 through one or more pPassageways 24a and connectors 30a.
Since the sight glass 14a is heated to a degree surficiant
£o prevent the condensation of vapors, especially sulfur
vapors, it tends to remain Clear during the operaticn of
the unit. Thus, the operator of the sulfur recovery unit
can view the flow of molten sulfur 38 through sight glasses
14 and l4a during the operation the sulfur recovery unit.

Opticnally, a second bleed ring, of the type

illustrated in FIGURE 1 may be interposed between lower
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sight glass 14a and the steam jacketed pipe cross 32 to
sSweep the interior surface 36 of sight glass l4a with a
purge medium such as steam or an inert gas.

As an alternative to the use of a gaseous heating
element, an electrical heating element may be used to hesat
the interior space 34 as illustrated in FIGURE 3(a)., 1In
this embodiment, a resistance heating element 26 ig
inserted through passageway 24 into the interior space 34
dafined by upper sight glass 14, bleed ring 22 and lowar
sight glass 14a. The heating element 26 may also be
laminated betwsen the sight glass 14 and lower sight glass
l4a thereby eliminating the need for bleed ring 22.
Additionally, a second bleed ring, of the type illustrated
in FIGURE 1 may also be interposed between lower sight
glass 14a and the steam jacketed pipe cross 32 to Sweep the
interior surface 36 with a purge medium such as an inert
gas.

Turning now to FIGURES 4, 5 and 6 a further embodiment
of the sealed observation element of the present invention
is illustrated. sealed observation element 10, of the type
illustrated in FIGURES 1 and 2, is mounted on steam
jacketed pipe cross 32. Annular axis A-A passes through
the center of bleed ring 22 along the line of sight of an
operator looking through sight glass 14. In order to

increase the visibility of the sulfur flow through the pipe

PCT/US96/12978
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Cross, a light fixture 40 and weir 42 are provided. Light
fixture 40, is clamped onto flange 16 with stud bolts 18
and nuts 20 to project a beam of light along axis B-B,
which is substantially perpendicular to axis A-A., Weir 42
is positicned in the pipe creoss opposite light fixture 40
and extends into the center area of the Jacketed pipe cross
32. Thus, molten sulfur 38 flowing through the pipe cross,
from, for example, a sulfur condenser, flows over weir 42
adjacent to the line of Sight along axis A-A of an cperator
cbserving the flow. Additionally, the molten sulfur
flowing over tha weir is illuminated by a beam of light
from light fixture 40 projected along axis B-B which ig
perpendicular to axis A=A and thus nay be more readily
cbserved under unfavorable lighting conditions.

Although the embodiment of the invention illustrated
in FIGURE 4 is showm using a single lens configuration with
2 bleed ring of the type described in econnection with
FIGURE 1, the double lens configuration of FIGURES 3 or
3(a) could be substituted for the single lens
configuration, depanding upon the application.
Additicnally, the double lens configuration of fIGUREs 3 or
3(a) could be Provided with a second bleed ring, of the
type illustrated ip FIGURE 1, interposed bLetween lower

sight glass 14a and the steam jacketed pipe cross 32 to

PCT/US96/12978
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swaep the interior surface 1§ with a purge mediunm such as
an inert gas,

While the present invention has been disclosed apg
discussed in connection with tha foregoing embodinents, it
will be understood that the invention is net limited to the
embodiments disclesed, but is capable of numercus
rearrangements, medifications, and substitutions of partsg
and elements without departing from the spirit and scope of

the invention,
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12. The sealed observation element of claim 11 further comprising
a weir for directing the flow of the molten sulfur toward the center of the pipe
cross; and
a light source for iluminating the molten sulfur flowing through the sulfur transfer
line, the light source projecting a beam of light along an axis substantially perpendicular

to said annular axis of said bleed ring.

13. The sealed observation element of Claim 12 further comprising a second

sight glass positioned between the light source and the pipe cross.

14. A sealed observation element for viewing the flow of a molten liquid suifur
through a sulfur transfer line comprising:

first and second sight glasses: and

means positioned between said first sight glass and said second sight glass for at
least partially defining an internal space between said first and second sight glasses and at
least one passageway for the introduction into the observation element of means for
heating the internal space between said first and second sight glasses;

wherein said heating means is sufficient to deter sulfur condensation on an interior

surface of said first sight glass.

5. The sealed observation element of Claim 14 wherein said heating means

comprises a heated gas.

16.  The sealed observation element of Claim 14 wherein said heating means

comprises an electric heating element.

17. The sealed observation element of Claim 14 further comprising a steam

jacketed pipe for munting said sight glasses and bleed ring.

18. The sealed observation element of Claim 14 further comprising a pipe cross

for mounting said sight glasses and bleed ring.

AMENDED SHEET
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CLAIMED:

1 A sealed observation element for viewing the flow of material comprising:

a sight glass having an interior and an exterior surface;

a source of a heated purge medium;

a bleed ring positioned adjacent to the sight glass, said bleed ring having an
annular axis and defining at least a pair of purge passageways for the flow of said heated
purge medium, said purge passageways on opposite sides of said bleed ring and angled to
direct the flow of the heated purge medium toward the interior surface of said sight glass;
and

at least one connector for connecting the source of the purge medium to the
passageways;

wherein said sight glass is positioned to permit a direct viewing of the flow of

material.

2. The sealed observation element of Claim 1 further comprising a steam

jacketed pipe for mounting said sight glass and bleed ring.

3. The sealed observation element of Claim 1, wherein the purge passageways
are angled toward the interior surface of said sight glass at an angle of about 30° relative

to the interior surface of the sight glass.

4, The sealed observation element of Claim 2 wherein at least two pairs of
opposed purge passageways are defined by the bleed ring, wherein the purge passageways
are angled toward the interior surface of said sight glass at an angle of about 30° relative
to said diameter.

3. The sealed observation element of Claim 1 further comprising a pipe cross

for mounting the sealed observation element in a material transfer line.

AMENDED SHt7
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6. The sealed observation element of Claim 5 further comprising a weir for
directing the flow of material toward the center of the pipe cross; and
a light source for illuminating the flow of material through the liquid transfer line,
the light source projecting a beam of light along an axis substantially perpendicular to said

annular axis of said bleed ring,

7. The sealed observation element of Claim 6 further comprising a second

sight glass positioned between the light source and the pipe cross.

8. A scaled observation element for viewing the flow of a molten liquid sulfur
through a sulfur transfer line comprising:

a sight glass having an interior and an exterior surface;

a bleed ring positioned adjacent to the interior surface of the sight glass;

the bleed ring defining an annular axis and a plane perpendicular to the annular
axis, said bleed ring further comprising a pair of opposed purge passageways for the flow
of a heated purge medium, said purge passageways having opposed internal openings, said
opposed internal openings defining a diameter of said bleed ring, said purge passageways
being angled at about 30° relative to said plane and at an angle of about 30° relative to
said diameter to direct the flow of the purge medium toward the internal surface of the
sight glass; and

a supply of heated purge medium flowing through the purge passageways at a flow
rate and a temperature sufficient to prevent the deposition of sulfur on the interior surface
of the sight glass.

9. The sealed observation element of Claim 8 further comprising a source of
heated purge medium and a connector for connecting the source of purge medium to the

purge passageways.

10.  The sealed observation element of Claim 8 further comprising a steam

jacketed pipe for mounting said sight glass and bleed ring.

11. The sealed observation element of Claim 8 further comprising a pipe cross

for mounting the sealed observation element in a sulfur transfer line.

iV INAY A
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19.  The sealed observation element of Claim 18 further comprising
a weir for directing the flow of the molten sulfur toward the center of the pipe
cross; and

a light source for illuminating flowing molten sulfur.

20.  The sealed observation element of Claim 19 wherein the light source

projects a beam of light along an axis substantially perpendicular to said annular axis.

21 A scaled observation element for viewing the flow of molten liquid sulfur
through a sulfur transfer line comprising:

first and second sight glasses;

a bleed ring positioned between said first and second sight glasses, said bleed ring
having an annular axis and defining an internal space between said first and second sight
glasses, said bleed ring further defining at least one passageway for the introduction of a
heated gas into the internal space;

a pipe cross for mounting said sight glasses and bleed ring in a sulfur transfer line;

a weir for directing the sulfur toward the center of the pipe cross for observation
through said first and second sight glasses; and

a light source for illuminating flowing molten sulfur flowing over said weir, said
light source projecting a beam of light along an axis substantially perpendicular to said

annular axis.

22. The sealed observation element of Claim 21, further comprising means for

heating said internal space.

23. The sealed observation element of Claim 21, further comprising a second

bleed ring positioned between an interior surface of said first sight glass and said pipe

Cross.

AMENDED SHEET
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24. A sealed observation element for viewing the flow of a liquid material
comprising:

a sight glass having an interior and an exterior surface;

a bleed ring positioned adjacent to the interior surface of the sight glass, said bleed
ring having an annular axis and defining a pair of opposed purge passageways for the flow
of a heated purge medium, wherein each purge passageway has an internal opening and is
angled to direct the flow of the heated purge medium towards the interior surface of said
sight glass;

a pipe cross on which said bleed ring is mounted,

a weir for directing the liquid material toward the center of the pipe cross for
observation through said sight glass; and

a light source for illuminating the flowing liquid material.

25. A sealed observation element for viewing the flow of a liquid material
comprising:

a sight glass having an interior and an exterior surface;

a bleed ring positioned adjacent to the interior surface of the sight glass, said bleed
ring having an annular axis and defining a pair of opposed purge passageways for the flow
of a heated purge medium, wherein each purge passageway is angled to direct the flow of
the heated purge medium towards the interior surface of said sight glass;

a steam jacketed material transfer pipe on which said bleed ring is mounted;

a weir for directing the liquid material toward the center of the transfer pipe for
observation through said sight glass; and

a light source for illuminating the flowing liquid material.

26. A sealed observation element for viewing a flow of material comprising:

a first sight glass having an interior and an exterior surface;

a pipe on which the sight glass is mounted; and

a weir positioned within the pipe to direct the flow of material toward the interior

surface of the sight glass.

27. The sealed observation element of Claim 26, wherein the pipe is a steam

jacketed pipe,

AMENDED SHEET
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28, The sealed observation element of Claim 26, further comprising a light

source for illuminating the flow of material through the pipe.

29.  The sealed observation element of Claim 26, further comprising means for

deterring the condensation of material on the interior surface of the sight glass.

30.  The sealed observation element of Claim 26, further comprising a second

sight glass positioned between the first sight glass and the pipe.

31. A sealed observation element for viewing a flow of material comprising:
a first sight glass having an interior and an exterior surface;

a pipe cross on which the first sight glass is mounted; and

a weir positioned within the pipe cross to direct the flow of material toward the

center of the pipe cross.

32, The sealed observation element of Claim 31, wherein the pipe cross is

steam jacketed.

33. The sealed observation element of Claim 31, further comprising a light

source for illuminating the flow of material through the pipe cross.

34, The sealed observation element of Claim 31, further comprising a second

sight glass positioned between the first sight glass and the pipe cross.

35.  The sealed observation element of Claim 31, further comprising means for

deterring the condensation of material on the interior surface of the second sight glass.
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