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This invention. relates to-a method' of controllifig: &
fractionation process.

In many commercially important fractionations involv-
ing paraffinic and naphthenic hydrocarbons having 6-to'8
carbon atoms, especially 6 or 7 carbon atoms; together
with small quantities of an aromatic hydrocarbon hav-
ing up to 8§ carbon atoms, especially benzene or toluene;
it is important to accurately control the conditions at
which the separatlon takes place.

For example, in the fractionation of straight run
gasolines, a light gasoline product is taken overhead and
a bottom product is produced which is further fraction:
ated-to provide a heavy- straight run- gasoline suitable as
feed to 4 platforming unit and a cyclohexane concentrate.
The latfer fraction can be processed m a hexane isomer-
ization unit.
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In the first- fractionation- above mentioned, it is'desired -

that normal-hexane and less volatile: materials appear in
the kettle product. while- isohexanes- and rhore volatile
materials are taken off- in. the overhead- product. If
normal hexane is taken overhead, it appears in-the light
gasoline fraction and thus. is lost to the feed to the hexane
isomerization unit. Conversely, “undercutting” in the
column-results- in-loss of-desired isohexane materials in
the light gasoline-fraction.. Close control of the opera-
tion of this particular fractionation permits an:.octane
number-improvement -of. 1.1 to 1.3 numbers or even ‘more
in the light gasoline produet.- -

A similar problem exists-in'making analogous separa-
tions, for- example, in-fractionating mixed: hexane frac-
tions-or- cyclohexane- concentrates. Direct analysis for
normal. hexane in-the overhead. product’ of: such: separa-
tions is- difficult and unsatisfactory.

In accordance with this invention, a‘sample from the
upper part-of the column, or a-sample of the overhead
product, is analyzed to determine its benzene content.
The benzene is present only in small amounts.in the feed,
and, surprisingly, it co-distills with the normal hexane
despite a substantial -difference in boiling point of the two
materials. Thus, by controlling the process to keep the
benzene concentration at a predetermined low value in
the sample, normal hexane and less volatile materials. do
not appear in the overhead product. Yet, the column
can be operated under conditions of the greatest efficiency
and throughput short of permitting normal hexane to
appear in the overhead product.

The analysis can be made, according to the invéntion,
by an ultraviolet analyzer, and this instriment can be
arranged to automatically. control one or more of the
process variables  of the fractionation column, for ex-
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ample, - the rate of withdrawal of overhead product,. the
reflux rate, or the feed rate.

Such an ultraviolet. analyzer can be- utilized to control
separations where the -cut is made between paraffinic-or
naphthenic hydrocarbons- having 7 carbon atoms wheie
toluene co-distills. with the most volatile paraffinic. or
naphthemc component -of: the kettle product.to be. ob-
tained. in the:fractionation.

Accordingly, it-is.an-object of the invention.to provide
an: improved method: of ‘controlling the. fractionation of
streams. containing.-6. and 7- carbon. atom parafﬁnie and
naphthemc hydrocarbons.

It.is a:further object:to. provide an. rmproved fractiona-

.tion -control process. utlhzlng an- ultraviolet. analyzer.

It is a still further object to provide a close fractiona-
tion control yielding. substantial. economies. in operation.

Various other objects,. advantages and features. of the
mventmn will. become - apparent from. the following de-
tailed description: taken. in con]unctron with the accom-
panying: drawmgs in which:.

Figure 1.js a flow diagram .of a fractionation process
utilizing the improved control system; and. . .

Figure 2 is-a top view of a suitable ultraviolet analyzer

Referring now. to- Figure 1, I have shown a.fractiona-
tion: zone or column 10 to Wthh feed is supplied by a
line 11 under the control of an automatic valve 12.  Heat
can be- sapphed to.the bottom of the column in various
ways. - In the: example- illustrated; steam.is fed through
a-coil 13 under the control: of an automatic valve. 14, .

Overhead product is withdrawn- through a line 15 and
passed. through:a condenser 16 to an accumulator 17,
A portion of‘the condensed material is withdrawn through
a line.18-and is passed back to the column-as reffux in.an
amount . controlied. by an automatic valve 19: The re-
mainder of the material from the accumulator 17 is passed
through an overhead product withdrawal line 20 at a rate

determined by an automatic valve 21 normally controlled .

by a liquid level controller 22 responsive to.the materlal
in the accumulator:17,

In accordance: with. the mventwn,.an~u1trav101et spec-.
trometer 23-is-connected to receive a sample from one
of a plurahty of valved sample. lines 24, 25 or-26... The

- line 24 is. connected directly to the: overhead line 15,
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, rate ot-overhead product withdrawal,

the lihe 25 is connected to.the third tray below the top
of the column-and the line 26 is connected to the sixth
tray below the top of the column. Thus, a sample can
be. withdrawn ' as desired from.any of these three loca-
tions. Broadly speaking, a sample. can be withdrawn
from -any. tray in the top region of the column, i.e., oné
more than five trays above the feed tray with the usual

fractionating” dévices for this type. of service whrch have =

30 to 100 trays.

The output of the spectrometer 23, which is shown as: L

a pneumatic output, i$ selectively applied- through ‘the
valved lines 27, 28, 29 and 30 to the control umts of
the respective valves 12, 14, 19 and 21. It will be noted |
that the valve in each of the lines 27 to 30 permits the .
control impulse to be applied to any desired one or com-‘
bination of the valves 12, 14, .19 and 21. TIn this man-
ner, one or more process variables. of the system. are
controlled, the ones specrﬁcally illustrated being, of
course, the rate at which heat is supplied to the bottom -
of the column, the feed rate, the reflux rate, and. the
Where' the’ la er




3

variable is controlled, the liquid level controller 22 is
disconnected from the valve 21.

It is oftentimes desirable to incorporate a time delay
in the correction made to the process variables corre-
sponding to the time taken for the process to respond to
the correction. For this purpose, I have shown a time
delay unit 31 in the control line 29.

In many commercial embodiments of the invention, the
bottom product from the column 10 is further fraction-
ated. To this end, I have shown a fractionation column
32 to which the bottom product from the column 10 is
fed by a line 33. The column 32 is provided with a suit-
able source of heat at the lower end thereof, this being a
steam coil 34 in the example illustrated. The column 32
also has a bottom product withdrawal line 35, and an
overhead product withdrawal line 36 which extends to a
condenser 37 connected to an accumulator 38. A portion
of the material from the accumulator 38 is passed back
to the top of the column as reflux through a valved line
39 while the remainder of the material from the accu-
mulator is passed to an overhead product withdrawal line
40 under the control of an zutomatic valve 41 and a

liquid level controller 42 responsive to the level in the

accumulator 38,
- In operation, a stock to be fractionated containing 6 or
7 carbon atom paraffinic and naphthenic hydrocarbons
together with a small amount of benzene or toluene is
fed to the fractionator 10 through the line 11, The
operating variables of the process are so controlled that
the benzene or toluene co-distills with the most volatile
paraffinic or naphthenic component of the kettle product
to be obtained in the fractionation. For example, where
the feed contains isohexanes, normal hexane and benzene,
the normal hexane is the most volatile component of the
bottom product, and this material distills with the ben-
zene. As another example, where the separation is made
between n-heptane and lower boiling branched chain Cy's,
in the presence of toluene, the toluene co-distills with
the n-heptane, which is the more volatile component of
the kettle product. Therefore, by analyzing for toluene
in the overhead product or at a lower tray of the column,
the amount of n-heptane at that part of the column can
be controlled. Similarly, in the separation of n-octane
from lower boiling branched chain Cg’s in the presence
of ethyl benzene, analysis is made of the overhead prod-
uct for ethyl benzene. As still another example, where
the separation is made between n-octane and 2-methyl
heptane in the presence of toluene, the latter compound
co-distills with the toluene, and the analysis detects tolu-
ene in the kettle product or at a lower tray of the colhmn.
Assuming that the sample is fed to the spectrometer
through the line 24, the presence of aromatic material, as
determined by the spectrometer, is indicative of the pres-
ence of the undesirable paraffinic or naphthenic compo-
nent in the overhead product. Responsive to an output
representative of aromatics, one of the variables of the
cmolumn is adjusted to increase the efficiency of the sepa-
ration to such an extent that the aromatic hydrocarbon,
and thus the undesirable paraffinic or naphthenic com-
ponent, is eliminated from the overhead product.
Where the analyzer sample is withdrawn through one
of the lines 25 or 26, the analyzer is set to maintain a fixed
predetermined concentration of aromatic hydrocarbon
at the tray of the column from which the sample is with-
drawn. This amount of aromatic, for example, 0.01
percent at the third tray from the top, produces an over-
head product which is free from aromatic materials and
thus of the undesired paraffinic or naphthenic component.
Conversely, if the aromatic concentration falls below its
pre-set value, the process is adjusted to increase the
amount of material processed so that the efficiency of
separation remains at its highest value.. Even more ac-
curate control can be obtained, in many cases, by pro-
viding a time delay unit 31 in the output of the analyzer
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which produces a delay corresponding to the length of
time taken by the process to react to the control impulse.
This prevents “bunting” or oscillation of column opera-
tion.

In one specific example, the control system of the in-
vention was applied to the fractionation of a straight run
Panhandle crude fraction boiling at 50 to 400° F. A
thirty tray fractionation coluinn was employed with the
feed entering at the sixteenth tray. The analyses of the
feed, overhead product and kettle product prior to con-
tro] by the method of the invention were as follows:

Kettle
Product

Feed |Overhead

Composition, Liquid Volume Percent
Product

Propane. e ecememmmceemcmaae oo
Isobutane. . .-
n-Butane

b 0] 178 117:0 41 U

1
1
3

3.
3.
5.
7.
1.
3.
0.
1
9.
4,
6.
L
0.

Cyclopentane _
2,2-Dimethylbutane 4 Tr
2,3-Dimethylbutane. cceceocaaaacaoaee
2-Methylpentane

3-Methylpentane.

n-Hexane._....
Methyleyclopentane. e
Benzene....oao-—-
2,2-Dimethylpentane. .
2,4-Dimethylpentane
Cyclohexane..__....
3,3-Dimethylpentane....
1,1-Dimethyleyclopentane......
2,3-Dimethylpentane. .. _.......
2-MethylheXane. . ooeevemacaconacaooaaean
Cisand trans1,3-Dimethylcyclopentane.
Cisand trans 1,2-Dimethylcyclopentane.
3-Methylhexane
3.Ethylpentanc, —
n-Heptane oo« com e e
Heavier than heptane. . .coormeaaoan
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Typical operating conditions for the column charging

Panhandle crude were as follows:

No. 1 tower (column 10):

Charge, barrels/hour 900
Overhead, barrels/hour. ——— 168
Bottoms, barrels/hour 732
Reflux, barrels/hour 215
Charge, temperature, ° F 250
Top tower, temperature, ° F 165

Bottom tower, temperature, ® Fo e 322

Accumulator, temperature, ° Foocmammmecee 102
Top tOWer, PIessure, P.Sdfommmmccoommcommo 48
No. 2 tower (column 32):
Charge, barrels/hour 732
Overhead, barrels/hour. - 352
Bottoms, barrels/hour.. 380
Reflux, barrels/hour 150
Charge, temperature ° F _— 218
Top tower, temperature, ° F. ——— 205
Bottom tower, temperature, ® Fo e cmmceee 299
Accumulator, temperature, © Foeoooeeeees 99
Top tower, pressure, pP.S.i.gemmcm—cmcmemoc—mm 4

On applying the control system of the present inven-
tion, with the sample taken from the line 15, the amount
of benzene in the overhead product is reduced from 0.5
liquid volume percent to a trace with a consequent re-
duction in the amount of normal hexane appearing in the
overhead product to 0.2 liquid volume percent.

By controlling the bezene content within the range of
0.00 to 0.10 liguid volume percent, the normal hexane
content can be controlled within the range of 0.0 to 2.0
percent. ’

In the described system, the kettle product is further
fractionated in the column 32 to provide a cyclohexane
concentrate for feed to a hexane isomerization unit, and
a feed to a heavy gasoline platforming unit. On apply-
ing the present invention, the normal hexane is substan-
tially eliminated from the light gasoline overhead prod-
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uct, and yet the isohexanes are. effecnvely concentrated. in
th1s overhead product. This résults in-an o¢tane num-
ber improvement of from 1.1 to 1.3 octane numibers in
the light gasoline fraction. Also, since the benzene all
goes to the kettle in the column 10, this material is
available for conversion into the more valuable. cyclo-
hexane by hydrogenation in an ensuing step of the
process.

Similar results are obtained on charging a Mex-Tex
crude fraction of essentially the same boiling range.

A test was made to show how the normal hexane con-
tent of the overhead product of column 10 varies directly
with the benzene concentration. The data obtained were
as-follows:

Normal Hexane|Benzene Liquid
Liquid Volume Volume

Volume Percent Distilled
Percent Percent

P,

P O =gt = O
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Thus, it is evident that the benzéne and normal hexane
co-distill in .the above. separation, so that the column
can be effectively controlled by determination of the
benzene content; direct analysis for the normal hexane
in the above stream. cannot at present be made with
sufficient accuracy for successful control of a commer-
cial operation.

In another specific example, a cyclohexane concen-
trate boiling at 130 to 176° F. is separated in'a 70 tray
fractionation column, the feed entéring at the thirty-first
tray, into an overhead fraction of isohexanes and more
volatile materials together with a bottom product of
normal hexane and less volatile materials.- The operat-
ing conditions are-as-follows:

Kettle
Product:

Over
_ head
Product

Stream : Feed:

Temperature, ® F_ oo oo :

Volume; Thousand Gallon per Day....

Comp051tion, Liquid Volume Percent:
Isopentane. oo ieoccnan
n-Pentane
Cyclopentane. . ...
2,2-Dimethylbutan

5N
o0 o
=]

]
=]
TOWHD=ROR ©S

oy
Iy

—

=
HHoNwHowo

3-Methylpentane__ ... ...
n-Hexane

Methyleyclopentane. . .___..___ =

— - ) .
cocomprebERBroramn

1
4
1

2,2-Dimethylpentane. .
Benzene___.__..._.._.
2,4-Dimethylpentane.
Cyclohexane

bt

DO GO B GO e RO O i O ROt T 5B

Pressure, p.s.ig.:
Top- .
Botto - 44

By maintaining the benzene percentage at the sixth
tray below the top of the column at a preselected value,
for example, 1.0 percent, the amount of normal hexane
in the overhead product is reduced from 1.9 percent to
less than. 0.2 percent, thus effecting substantial ‘econo-
mie. in operation.

In still another specific embodiment, a mixed hexane
stream boiling at 130 to 160° F. is fracticncted in a
fifty tray fractionation column, the fesd entering at the
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and more volatile materials together with a bottom prod-

uct’ of normal hexane-and less volatile materials. The’
operating conditions are as follows:
Over- Kettle:
Stream Feed head | Product
Product
Temperature, ® B . oo oooocoiiaocloaoie 210 230 256
Volume, Thousand Gallon per Day.._. 111.2 42.3 . 68.9
Composition, Liquid Volume Percent:
Isopentane. - oo eceoooiocmaooon 0.3 0.7
n-Pentane... 7.8 17.2
Cyclopentane.... . 4.3 9.3 -
2,2-Dimethylbutans._ .. - 1.5 3.3 .
2,3-Dimethylbutane . . ...__..._ 3.2 6.8 0:1
2-Methylpentane....... - 23.8 46.0 5.0
3-Methylpentane... .- fe 13.6 14.3 13.0
n-Hexane...._..._.... 32.4 2.1 58.0
Methyleyclopentane.. . 8.5 0.3 15.3
2,2-Dimethylpentane 0.2 fommccamann 0.4
Benzene. ... 1.6 Trace 3.0
2,4-Dimeth [1 >0 PR 0.4
Cyclohexane b R 48
Pressure, p.s.ig.
1) o 2SO PO, .35
Bottom 42
Reﬁux/Feed Volume/volume. 3.90

By maintaining the benzene concentration three trays
below the top of the tower at 0.1 percent, the amount of -
normal heéxane in the overhead product is reduced from
2.1 percent to less than 0.2 percent and the column-is
operated "at maximum output.

The described analysis for benzene or toluene can' be
effectively made by. an ultraviolet analyzer of-the type
shown by Figure 2. In this analyzer, a beam of ulira-
violet radiation from a source, such as a hydrogen lamp
50, is trained upon a detector unit 51 which can be a
photomultiplier tube. The tube 51, in turn, is-connected
to a comparing circuit 52 and an indicator‘ or recorder 53
which can have an electrical or pneumatic output.

In its passage from the source to the detector, the ultra-
violet energy is collected by a mirror 54 and focused on
an aperture assembly 55 which serves as-a point source
of ultraviolet radiation' for the rest of the apparatus.
From the aperture 55, the ultraviolet radiation traverses
a filter 56, and a lens 57 which focuses the radiation upon-. .
the detector 51, Disposed in the path of the team be-
tween the lens 57 and the detector 51 are a gas filter 58;

"a sample cell 59,-and a rotatable chopper 6¢ fixed on'a

shaft 61 which is driven by a motor 62. ‘

The cell 59 is adapted to contain a liquid sample of the'
material to be analyzed which is fed thereto from one of
the lines 24, 25 or 26, Figure 1; and it is of adjustable
length.

The chopper 60 comprises a plurality of sector-shaped
elements formed from filter material which alternate with
sector-shaped sections of material transparent to ultra-
violet radiation.

In one specific embodiment of the-invention, the. filter
material attenuates radiation having a wavelength lower
than about 250 to 260 millimicrons, Where the cut-off
frequency is 250 millimicrons, the filter material can-be
a liquid thickness of ¥4 centimeter of carbon tetrachloride:
Where a-liquid filter material is used, it is incorporated
within interior chambers, not shown, of the chopper disc
which is formed from a radiation-transparent material
such -as quartz, Alternatively, the filter material can be
a type 9700 filter manufactured by the Corning Glass
Works having color specification 9-53, cut to a thickness
of 1 millimeter. :

Where the cut-off wavelength is 260 millimicrons,. a

thickness of % centimeter of carbon tetrachleride can: -

be utilized or, alternatively, a 2-millimeter thickness of
the aforementioned type 9700 filter having a color
specification of 9-53.

The filter 56 is of therband pass type which passes - .

wavelengths of about 230 millimicrons to an upper wave-

twentieth tray, into an overhead product of isohexanes 75 length of greater than 275 millimicrons, for example, 420
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millimicrons. Where a liquid-type filter is desired,
thickness of 5 centimeters of an aqueous solution contain-
ing 240 grams per liter nicke! sulfate (NiSO,6H;0) and
45 grams per liter cobalt sulfate (CoSO,-7H;0) can be
utilized. The liquid is contained within a quartz liquid-
containing cell transparent to ultraviolet radiation. Al-
ternatively, the filter 56 can be a type 9863 filter pro-
duced by the Cornming Glass Works having a color
specification 7-54 and a thickness of 3 millimeters.

The auxiliary filter 58 which cuts off ultraviolet radia-
tion of wavelength greater than 270 millimicrons, can
be a 5 centimeter thickness of chlorine gas. As will be-
come evident hereafter, this is an optional feature of the
invention. Where used, the gas is contained within a
cylindrical body 63 of opaque material having transparent
end plates 64 and 65.

In the operation of onme specific embodiment of the
invention, Figure 2, the overhead product fed to the cell
59 contains a trace to 2.0 percent of benzene which is to
be quantitatively analyzed. Benzene has strong absorp-
tion bands at wavelengths of 225 to 270 millimicrons.
The filter 56 has a pass band extending from a lower
wavelength of about 250 millimicrons to an upper wave-
length of greater than 275 millimicrons. The filter 58
transmits wavelengths of less than 270 millimicrons and
attenuates radiation of longer wavelength.

Accordingly, the filters 56, 58 in combination define
a band pass filter extending from 250 to 270 millimicrons
so that the ultraviolet radiation passing through the sam-
ple and the filter system varies in intensity in accordance
with the amount of benzene in the sample.

The filters in the chopper disc 60 are formed from
material which attenuates radiation having a wavelength
lower than a value of about 250 millimicrons and which
passes radiation of higher wavelengths. -Therefore, when
one of these filters is positioned in the path of the radia-
tion beam, the amount of radiation incident upon the
detector 51 is not responsive to the benzene concentra-
tion of the sample. However, when the transparent por-
tions of the disc 60 are in the path of the beam, the output
is responsive to the benzene concentration. Thus, by
electrically comparing these two outputs in the circuit 52,
a resultant signal is produced which is insensitive to
absorption caused by miscellaneous components which
may be in the sample and absorb at other wavelengths.
The filter 58 aids by cutting out interference caused by
absorption at ultraviolet wavelengths of greater than 270
millimicrons. Accordingly, the resultant output at unit
53 is responsive solely to the benzene concentration in the
sample. .

The described arrangement can also be used for analysis
of toluene which has strong absorption bands at wave-
lengths of 225 to 275 millimicrons. However, when
analyzing for small concentrations of toluene, somewhat
greater sensitivity can be obtained by eliminating the
chlorine gas filter 58, and changing the cut-off wave-
length of the filter material in the chopper 60 to 260 milli-
microns. In this manner, the absorption bands existing
between the chlorine cut-off wavelength of 270 millimi-
crons and the upper wavelength limit of the toluene band,
275 millimicrons, contribute to the signal produced when
the beam passes between the sectors of the chopper disc.
By increasing the cut-off wavelength of the chopper disc
material itself to 260 millimicrons, the toluene bands are

8

sufficiently screened out of the detector output so that ade-
quate compensation for interfering components is made
when the output produced with the filter sections of the
disc 60 in the path of the beam is compared with the out-
put produced when the tramsparent sections are in the
path of the beam.

The present analyzer permits accurate and close con-
trol of the normal hexane or other key component concen-

. tration in the overhead product of the column 10, Fig-
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ure 1, through analysis for benzene or toluene. The
column is thus controlled to obtain significant advantages
in commercial operation.

While the invention has been described in connection
with a present, preferred embodiment thereof, it is to be
understood that this description is illustrative only and is
not intended to limit the invention.

I claim: .

1. In the art of fractionating a stream containing iso-
hexane, normal hexane and a small amount of benzene,
the steps which comprise introducing said stream into a
fractionation zone; controlling heat supplied to the bot-
tom of said zone, heat withdrawn from the top of said
zone, the feed rate, the rate of withdrawal of overhead
product and bottom product and the reflux rate as op-
erating variables to separate said stream into an overhead
product containing isohexane and more volatile materials
and a bottom product containing normal hexane and less
volatile materials; withdrawing a sample from a region
of said zone located substantially above the region of feed
introduction; analyzing said sample to produce an output
signal representative of the benzene content thereof by
passing a beam of ultraviolet radiation through said sam-
ple and measuring the intensity of the beam after it has
passed through said sample, the measured intensity being
representative of said output signal; and controlling one of
said operating variables in accordance with said output
signal to maintain said benzene content at a predeter-
mined value less than the benzene content of said stream
so that substantially no normal hexane appears in said
overhead product.

2. The process of claim 1 wherein the operating vari-
able is the reflux rate.

3. The process of claim 1 wherein the operating vari-
able is the product withdrawal rate.

4. The process of claim 1 wherein the operating vari-
able is the feed rate.

5. The process of -claim ‘1 wherein the operating vari-
able is the supply of heat to the kettle of said fractiona-
tion zome.

References Cited in the file of this patent
UNITED STATES PATENTS

2,386,831 Wright oo Oct. 16, 1945
2,459,404 Anderson ceecemceeemem Jan, 18, 1949
2,529,030 Latchum oo Nov. 7, 1950
2,709,678 Berger May 31, 1955
2,764,536 Hutching oo e Sept. 25, 1956

OTHER REFERENCES
N.Y. Vocational and Practical Arts Assn. (1945), “In-
struments and Process Control,” pages 155-185,
Horsley: - “Azeotropic Data,” published by American
Chemical Society, Washington, D.C. 1952. Page 167
relied upon.

P e T



