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METHOD AND APPARATUS FOR
CONTROLLING SEVERITY OF CRACKING
OPERATIONS BY NEAR INFRARED
ANALYSIS IN THE GAS PHASE USING
FIBER OPTICS

oped. Therefore, such mathematical models are often inac

The above-described procedures for measuring the com
position of the feed stream on the inlet of the cracking

BACKGROUND OF THE INVENTION

NIR, to analyZe the particular stream of interest. The advan
tages of spectrometric methods are that no sample handling

curate and insuf?ciently reliable for controlling cracking

severity.
furnace typically employ spectrometric methods, such as

Cracking severity is an important parameter for use in

determining the optimum operating conditions for cracking

is required, and such measurements can occur essentially
10

furnaces. In a cracking system, a feed mixture is fed to a

cracking furnace, Which contains at least one cracking tube.
The cracking tube is heated to high temperatures, so that the
feed mixture decomposes into various constituents. The
constituents together are knoWn as crack gas or effluent. 15

Cracking severity, Which is the extent to Which the feed
mixture is broken doWn, is controlled by altering the tem
perature of the cracking furnace, altering the residence time
of the feed and constituents inside the cracking tubes, or
changing the steam dilution in the case of steam cracking, in

order to optimiZe the composition of the effluent.
The tubes in a cracking furnace are typically very hot,
around 1000 degrees centigrade and higher, depending on
the location Within the furnace. Usually, the crack gas is
cooled after exiting the furnace. HoWever, the crack gas is
still hot after cooling, at around 350 degrees centigrade and
higher. Deposition of materials such as carbon usually

instantaneous.
20

25

cracking furnace effluent, Without any sampling require
ments.

In one aspect, the instant invention is a method for

controlling cracking severity in a cracking furnace, the
30

cracking furnace having at least one cracking tube, the
cracking tube being heated to a temperature, the cracking
tube containing a feed mixture that is fed into the cracking
tube and an effluent that ?oWs from the cracking tube, the
feed mixture having a residence time in the cracking tube,
the method comprising tWo steps. The ?rst step consists of
determining the near infrared spectrum of the effluent
in-line. The second step consists of changing a process
variable selected from the group consisting of the tempera
ture of the cracking tube and the residence time of the feed
mixture in the cracking tube according to the determination

The coking problem has greatly hampered the reliable
analysis of the cracking gas, thus preventing improved

of the ?rst step. The feed mixture can also contain a
40

or tars before the transport of the non-condensed part of the
effluent to the analyZer, because the heavies can cause

plugging. Another procedure might consist of condensing

SUMMARY OF THE INVENTION

The instant invention solves the above mentioned prob
lem of unreliable cracking severity control to a large degree.
The instant invention provides for direct online analysis of

pling systems for instruments used online often become
dirty and plug as a result of coking.

process control based on cracking severity. Cracking furnace
operators have tried to develop different methods in order to
control cracking severity. Often, a portion of the effluent of
the cracking process is brought outside of the cracking
process lines in order to analyZe the composition of the
effluent. Such a procedure sometimes requires heating of the
sampled effluent line to prevent condensation of the heavies

tubes, thereby eliminating sample handling concerns and
avoiding the need for a mathematical model. The resulting

temperatures, a problem knoWn as “coking”, or “coke depo
measure the concentration of the constituents Within the
tubes and process lines, because the sample lines or sam

It Would be an advance in the art of cracking severity
control if a method could be developed for analyZing
furnace effluent directly in the outlet of the cracking furnace

measurement Would be direct, reliable, precise, and nearly

occurs on the tubes and process lines at such high

sition”. Coking has interfered With the ability to accurately

instantaneously. HoWever, spectroscopic methods have not
been performed directly on the outlet of the cracking furnace
tubes, due to the above described coking problems.

45

percentage of steam and When it does, then the process
variable can be selected from the group consisting of the
temperature of the cracking tube, the residence time of the
feed mixture in the cracking tube and the percentage of
steam in the feed mixture. Preferably, the near infrared
spectrum is obtained by shining a beam of near infrared light

the effluent and removing the heavies before the effluent is

?rst through a protective gas-stream, then through the ef?u

transported to the analyZer. These procedures generally

ent and then through a second protective gas stream to a near

employ gas chromatograph, mass spectroscopy, or a com

infrared spectrometer. A chemometric treatment is prefer
ably made of the determination of the ?rst step to better

bination of gas chromatograph and mass spectroscopy to

analyZe the effluent. HoWever, the resulting measurement

50

can be unreliable, because a troublesome sampling system
and removal of heavies can result in plugging problems.

In a second aspect, the instant invention is an apparatus

for analyZing an effluent in-line, comprising a light source

Another procedure commonly used for determining ef?u
ent composition is to predict the effluent composition from
the composition of the feed stream. This determination
typically begins With an off-line analysis of the feed stream
composition in the laboratory using near infrared (NIR)
analysis. The NIR analysis is then used to predict the

mounted on a conduit for the effluent, a light detector

mounted on the opposite side of the conduit from the light
55

composition of the effluent based on a mathematical model.

See, for example, US. Pat. No. 5,452,232, US. Pat. No.
5,082,985, and US. Pat. No. 5,475,612. HoWever, the
accuracy of the prediction of the effluent composition using
this procedure depends on the model used. Numerous
parameters, such as the type and condition of the furnace,
temperature, pressure, steam dilution, and coke deposition,

60

must be taken into account in order for the model to be 65

sufficiently precise. Furthermore, if the composition of the
feed stream changes, a neW model must usually be devel

control the cracking severity.

source to receive light emitted from the light source, means

for sheltering the light source from the effluent, means for
sheltering the light detector from the effluent, means for
?oWing a ?uid past the Right source at a higher pressure than
the pressure of the effluent; and means for ?oWing a ?uid
past the light detector at a higher pressure than the pressure
of the effluent.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic overvieW of a cracking system.
FIG. 2 is a cross-section of an embodiment of an appa

ratus that can-be used to practice the instant invention.
FIG. 2A is a more detailed vieW of a portion of FIG. 2.
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invention. As shoWn, the apparatus 20 comprises a ?ange 21,

FIG. 3 is-an example of a near infrared spectrum Which

can be produced using the instant invention.

the ?ange 21 having tWo bodies, Which in this case are caps

22 and 42, positioned directly across from each other along
the internal circumference of the ?ange 21. The space inside

DETAILED DESCRIPTION OF THE
INVENTION
Referring noW to FIG. 1, therein is shoWn an overview of

the caps 22 and 42 forms internal chambers, or pockets,
Within the caps 22 and 42.

a cracking system 10 and the location of the instant inven
tion Within such a cracking system 10. A feed mixture 11 is
fed to a cracking furnace 13, Which contains at least one
cracking tube 12, Where the feed mixture 11 is broken doWn
to form an ef?uent stream 14.

Referring noW to FIG. 2A, therein is shoWn a more
detailed vieW of a cap 22 and the chamber inside the cap 22.
10

The feed mixture 11 contains a compound that is to be

broken doWn into smaller constituent parts. For example,
naptha is a typical starting material Which is broken doWn to

form ethylene, propylene, and various other compounds.
The inside of the cracking furnace 13 is ?red, so that the
internal cracking tube 12 can be very hot, around 1000

15

degrees centigrade inside the cracking furnace 13, although
the temperature can be higher or loWer. Aheat exchanger 15

measuring equipment, such as optical ?bers and/or optical
probes. Preferably, the optical Well 26 is holloW and a cavity
27 is present inside the optical Well 26. The internal end of

is preferably placed at the outlet of the cracking furnace 13
so that the ef?uent 14 is cooled to about 350 degrees
centigrade, although the ef?uent can be cooled to any other
desired temperature. The ef?uent can be further treated With
a compressor 18. The instant invention can be employed

online at point 16.
The extent to Which the feed mixture 11 is broken doWn

25

is commonly knoWn as “cracking severity”. In the method
aspect of the instant invention, cracking severity is con

The WindoW 29 can be sealed in the aperture 28 in a
30

?oW rate of the feed mixture 11. The term “steam dilution”
refers to the portion of the feed mixture 11 that is steam.

residue left in the cracking tube 12 and the pipelines carrying
the ef?uent 14 after volatile compounds have passed through
the tube. Coke usually interferes With online analysis in
cracking operations. Thus, in order to effectively measure
the ef?uent 14 online, the apparatus employed must be
designed to cope With these coking problems.
In order to control cracking severity, the instant invention

HoWever, caps 22 can also act as means for sheltering the
40

45

degree While another material may only expand to a very
small degree. This can create problems such as stretching of

the optical ?bers, causing potential breakage.
50

moves through the pipeline in the cracking system 10. No
sampling or material handling is required, since the inven
tion is used directly in-line. Point 16 is preferably farther

An optical probe 31 is positioned inside the cavity in the

optical Well 26. The probe 31 preferably comprises optical
?bers and a lens 33. The optical ?bers can be located inside
a ceramic inner holder, Which is adapted to ?t inside the
optical Well. The use of the ceramic inner holder avoids

aWay from the furnace than the heat exchanger 15, so that
55

centigrade, rather than, for example, 1000 degrees
centigrade, Which can be the temperature inside the cracking
tube 12. HoWever, it should be understood that point 16 can
be positioned before the heat exchanger 15, or point 16 can
be positioned closer to the compressor 18.

At a given temperature, differences in thermal expansion
coef?cients Will cause one material to expand to a large

de?ned herein and in the claims to mean that the instant

the ef?uent is preferably beloW about 430 degrees

optical equipment from the severe process conditions.
It is important to note that under severe temperatures such
as those in a cracking system, the coef?cients of thermal
expansion must be considered for the various materials that
are used to make the embodiment of the present invention.

can be employed in-line, at point 16. The term “in-line” is
invention is applied directly to the ef?uent 14 as the ef?uent

number of Ways. For example, the WindoW can be shaped
like a stop-cock, and the aperture can have a tapered
con?guration, so that the stop-cock WindoW ?ts into the
aperture. Alternatively, the WindoW can be braZed With gold,
gold alloy, or any other suitable braZing material.
The optical Well 26, together With the WindoW 29 are an
example of means for sheltering the source of the light 30,

the detector of the light 30, and the other associated optical
equipment from the harsh conditions in the ef?uent line.

During the cracking process, coke deposition, or
“coking”, occurs on the inside of the cracking tube 12.
“Coke” is the term used to describe the carbonaceous

the optical Well has an aperture 28, Wherein a WindoW 29 is
sealed.
The WindoW 29 can be any useful material Which alloWs
light 30 to pass through and can Withstand process condi
tions. Examples of WindoW materials are diamond and

sapphire.

trolled by altering the temperature of the cracking tube, by
altering the residence time of the mixture 11 inside the
cracking tube 12, or, in the case of steam cracking, by
changing the steam dilution, until the composition of the
ef?uent 14 is optimiZed. The term “residence time” refers to
the amount of time the feed mixture is inside the cracking
tube 12. The residence time can be altered by adjusting the

As shoWn, cap 42 has the identical con?guration as cap 22,
except that cap 42 is on the opposite side of ?ange 21. The
cap 22 preferably has holes 23, 24 and 25 drilled therein. The
holes 23, 24 and 25 alloW materials to travel to and from the
outside of the chamber Within the cap 22. As shoWn, in FIG.
2, cap 42 has an identical con?guration that preferably
includes three passageWays.
Preferably, an optical Well 26 is placed through one of the
holes 23 and into the chamber Within the cap 22. The term
“optical Well” is used herein to mean a holder for optical

stretching the optical ?ber due to differences in coefficients
of thermal expansion for the ?ber and holder materials. The
inner holder is preferably spring-loaded, to ensure position
ing of the ?ber in the focus point of the lens 33. HoWever,

to measure the composition of the ef?uent 14. The cracking

other methods for positioning the ?bers can be used. The
lens 33 in the probe can be any type of optical lens that is
suitable for the particular process conditions.
Hole 24 alloWs light 30 to travel to or from the optical

process can be controlled according to the near infrared

Well 26. The WindoW 29 alloWs light 30 traveling through

results by altering the furnace temperature, the residence

the hole 24 to enter or exit the cavity inside the optical Well

The instant invention utiliZes a near infrared analyZer 17

60

time, or the steam dilution.
65 26. The light 30 can be ultraviolet, visible, near infrared, or
Referring noW to FIG. 2, therein is shoWn an embodiment
mid infrared light. Preferably, the light 30 is near infrared
of an apparatus 20 that can be used to practice the instant
light. Near infrared spectroscopy provides nearly instanta

US 6,512,156 B1
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neous. measurement of the ef?uent 14, so that the process
conditions can be altered in response to the near infrared

EXAMPLE 1

analysis. Process conditions include furnace temperature,
residence time, and steam dilution. Near infrared analysis is
described in greater detail beloW, in reference to FIG. 3.

The apparatus described above is placed at point 16 in
FIG. 1. Both of the optical Wells have diamond WindoWs

With gold braZing (Drukker The Netherlands). The WindoWs
are 6.5 millimeters in, diameter and have a thickness of 0.25
millimeters.

Aprobe identical to probe 31 is preferably placed in the
optical Well inside cap 42, shoWn in FIG. 2 on the opposite
side of the ?ange 21 from cap 22. Thus, in the preferred
embodiment, the ?rst probe 31 can be a transmission probe,
While the opposite probe positioned inside cap 42 can be a

10

detector probe. In an alternative embodiment, instead of a
probe, cap 42 can contain a mirror, in Which case the probe

31 transmits light 30 and also detects the light re?ected from

(TOP-sensors, part #CB4294). The lenses in the probes are

the mirror.

Referring again to FIG. 2A, hole 25 enables a supply of
a ?oWing gas 32 to enter the chamber. A protective layer of

15

gas 32 surrounds the optical Well 26, thus protecting the
optical Well 26 from fouling due to coke-deposition from
exposure to the high temperatures in the process line. The
gas 32 then ?oWs out of the chamber and into the process by
Way of the second passageWay 24. Preferably, the gas 32 is

Both of the optical probes are single ?ber transmission
probes. One probe is used to send the near infrared light,
While the other probe is used to receive the light after it
passes through the crack gas. The ?bers in the probes are
gold-coated/soldered ?bers With a diameter of 400 microns
planoconvex lenses made of BK7 glass With a diameter of 5
millimeters. The outer shell of the probe is 316 stainless
steel.
Near infrared spectroscopy is conducted using a BOMEM

type FT-NIR instrument (BOMEM Model MB160). The
20

instrument is equipped With a cooled InAs-detector module

(BOMEM Model D50B). The interfacing of the spectrom

nitrogen or steam although the gas can be any gas that is

eter With the ?ber optic cables Was done via the Universal

inert (i.e., does not react When exposed to the process).

Fiber Optic Interface SNG29G, manufactured by Bomem.

It should be understood that FIG. 2A represents just one
of numerous possible embodiments. For example, another

The spectrum in FIG. 3 results. FIG. 3 is the average of
256 scans and is composed of about 1000 separate data

equivalent embodiment might have only tWo holes drilled in
a cap. In this alternative, both the optical Well and the supply
of ?oWing gas Would enter the cap through a single hole. The
gas Would ?oW around the optical Well and into the crack
gas. This embodiment Would require feWer holes to be
drilled in the ?ange and the cap. In another embodiment,
holes can be drilled directly in the ef?uent conduit. The NIR
source and detector Would then be recessed such that they
Were sheltered from the ef?uent. The supply of ?oWing gas

points. CAAP softWare (Bomem) is used to collect spectra
by a Compaq Deskpro XL466 computer. The spectral data is

treated using GRAMS/386 and PLS-plus softWare (Galactic
Ind. Corp.). Thus, this chemometrics softWare uses a partial
30

trolled by adjusting the MPR and PE until they are opti

Would then ?oW past the NIR source and the NIR detector

and through the holes drilled in the conduit.
Preferably, the process is analyZed using near infrared

35

(NIR) analysis. The NIR region of the electromagnetic
spectrum is betWeen about 780 and 2500 nanometers. The

advantages of NIR spectroscopy include the ability to
quickly analyZe a process stream, and ef?cient transmission

least squares (PLS) method of regression analysis.
The components of interest include methane, propylene,
the methane/propylene ratio (MPR), ethylene, and the
propylene/ethylene ratio
Cracking severity is con

40

miZed.
What is claimed is:

1. Amethod for controlling cracking severity in a cracking
furnace, the cracking furnace having at least one cracking
tube, the cracking tube being heated to a temperature, the
cracking tube containing a feed mixture that is fed into the

through readily available optical ?bers, alloWing remote

cracking tube and an gaseous ef?uent that ?oWs from the

interfacing of the process With the instrument. Also, NIR
spectra shoW a relatively high signal to noise sensitivity.

cracking tube, the feed mixture having a composition and a
residence time in the cracking tube, the method comprising
the steps of:

Referring noW to FIG. 3, therein is shoWn an example of
a near infrared spectrum Which can be obtained using the 45

instant invention. Peaks 60 represent steam, peak 61 repre

sents alkenes, peak 62 represents aromatic hydrocarbons,
and peak 63 represents alkanes. HoWever, the peaks are
broad and overlapping, and thus are not as suitable for

traditional spectroscopic quantitative analysis as may be

tective gas stream to a detector; and
50

desired.

science of relating measurements made on a chemical sys

composition of the feed mixture and the residence time
of the feed mixture in the cracking tube according to the
55

variable changed in step (b) is selected from the group
consisting of the temperature of the cracking tube, the
residence time of the feed mixture in the cracking tube and

techniques is the production of an empirical model, derived
from data, that alloWs one to estimate one or more properties
60

the percentage of steam in the feed mixture.
3. The method of claim 1, Wherein in step (b) a chemo
metric treatment is made of the determination of step (a).
4. The method of claim 3, Wherein the chemometric
treatment is multivariate calibration analysis or partial least

65

squares regression analysis.

Chapman & Hall, 1995). Standard chemometrics softWare
packages are available Which can be used to analyZe the data

generated by near infrared spectroscopy. The spectrum
shoWn in FIG. 3 is the average of 256 scans, although more
or feWer scans can be averaged. Thus, numerous data points
are available for use With the chemometrics softWare.

determination of step (a).
2. The method of claim 1, Wherein the feed mixture
contains a percentage of steam and Wherein the process

tem to the state of the system via application of mathemati
cal or statistical methods. The goal of many chemometrics

of a system from measurements.” Process Analytical
Chemistry, 259
McLennan and B. R. KoWalski eds.,

(b) changing a process variable selected from the group

consisting of the temperature of the cracking tube, the

Chemometrical methods such as multivariate calibration
can be used in order to establish the concentrations of

individual materials When spectra have the characteristics
shoWn in FIG. 3 and discussed above. “Chemometrics is the

(a) determining the near infrared spectrum of the gaseous
ef?uent in-line by shining a beam of near infrared light
?rst through a ?rst protective gas stream, then through
the gaseous e?luent, and then through a second pro

*

*

*

*

*

